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SUMMARY 
The main objective of work presented in this thesis was to investigate the relationship 
between energy intake and the variation of growth from birth to two years in the Hong Kong 
Chinese children. Other hypotheses which explain growth variation by genetic and 
environmental effects were tested. Two aspects of growth, the attained size and the "internal 
tracking" of the individual's growth, were studied. The attained growth outcomes were 
derived from the internally standardized weight and length Z scores. "Internal tracking" was 
represented by the changes of such scores from one age to another. 
174 full term healthy infants were recruited within the first 10 days of life and were followed 
up longitudinally. Food intake was measured by the dietary history method. Anthropometric 
measurements of nude weight and supine length were used as the growth parameters. 
Cumulative energy intake from birth was used as the key independent variables to explain 
the variation of growth. Other independent variables include birth and parental 
characteristics, infant feeding practice, socio-demographic effects and morbidity. 
Multivariate analyses were performed. 
International reference tables (NCHS) were used to categorize and describe the pattern of 
variation of growth of normal and healthy Shatin children from 0 to 24 months. Three 
"phases" of growth were identified: a first phase of faster growth, followed by a slowing 
down of growth and finally a period of parallel growth to the external reference. The 
slowing down of growth is also known as "faltering of growth," and was believed by other 
authors to be caused by malnutrition. This pattern of growth was also observed by other 
studies in Hong Kong and other developed countries. The appropriateness of using NCHS 
reference was discussed. 
Estimated energy intakes for the study group were below the FAO/WHO/UNU 1985 energy 
recommendations. When plotted against age they also had a similar shape of growth curve, 
except around 15 months. A supplementary study measuring energy expenditure of the 
children in an institution was carried out, using the doubly labelled water (DLW), to examine 
the peak in energy intake around 15 months. The results of DLW study suggested that the 
energy intakes in both studies were constantly underestimated but also confirmed the inverted 
"U" shape of energy curve between 6 and 24 months. 
The findings of this thesis suggest that the internal variation of growth in the study population 
cannot be explained by variation of energy intake; birth weight and parental characteristics 
are significant determinants of growth; socio-demographic effects and morbidity were less 
important. Implications for further research and the interpretation of growth and energy 
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CHAPTER ONE ！ INTRODUCTION 
Throughout the world there are major concerns regarding nutrition in infancy and 
childhood in view of the special vulnerability of small children to under-nutrition. Studies 
in Hong Kong show that the growth curves in the first four months follow the international 
reference standards closely (Chang et al 1965, 1967，Field & Baber 1973). However, 
from four months to twelve months of age, there is an apparent slowing down of growth 
(weight and length) in Hong Kong children (Field & Baber 1973, Li et al 1982, 1985a). 
Several observers of children's growth described such a pattern of negative deviation from 
international reference standards after the age of four months as "growth faltering" 
(Waterlow and Thomson 1979，Waterlow et al 1980, Kusin et al 1991，Butte et al 1992). 
This term is used in this thesis for convenience and is not intended to imply in itself any 
preconceived mechanism for this deviation. Nutritional inadequacy was thought to be the 
main reason for this so-called "growth faltering" phenomenon. Field & Baker (1973) 
suggested that it was "the weaning period when the child seems unable to take enough of 
the diet of congee • • • probably the appetite is reduced by the multiple infections and the 
easily assimilated milk is too rapidly withdrawn." Li and co-workers (1982, 1985a) 
suggested that it was due to inadequate intake of energy, protein, calcium, iron, vitamin 
B complex, and vitamin D caused by the prolonged use of rice congee (rice gruel) as 
weaning and post-weaning food and the relatively low milk consumption in this period. 
The view of Field & Baber，however, contrasts with the general impression about the 
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health and well-being of today's children in Hong Kong. When Field and Baber did their 
study in 1973, family size was larger and parents might have had less time and resources 
to look after the nutritional well-being of their children. Since then the infant rearing 
practices and child-care services in Hong Kong have improved remarkably. With the 
establishment and the promotion of the Hong Kong Family Planning Association, there is 
an increasing awareness of the need to limit family size and fertility has declined sharply. 
Moreover, the well-baby clinics run by the Maternal and Child Health (MCH) Service (a 
Hong Kong Government agency) provide free immunization, medical check ups and 
development assessments regularly to infants and children as well as antenatal classes and 
infant feeding education. The infant mortality rate in 1985 was 8.5 per thousand which 
was similar to that of the developed countries. The under five mortality rate was among 
the lowest in the world at 11 per thousand in 1985 (Grant 1987). Together with the 
improvement in the socio-economic conditions, Hong Kong parents should now be able to 
afford an adequate diet for their children. Unlike twenty years ago, milk is now part of 
the present day infant and young children's diet. 
In more recent studies by Li and colleagues (1982, 1985a) in Hong Kong, the FAO/WHO 
recommendations (1973) and WHO (1979) growth references were used to assess 
nutritional adequacy of these children. There are some reservations about the conclusions 
of these two studies, since both references (energy and growth) were based upon 
observational studies without correlating energy intake with growth outcomes. The 
appropriateness of these standards and other reservations will be discussed in section 2.2,2. 
- 2 -
Other recent studies show that in spite of the improvement in environment and the secular 
trend in adult height and weight (Fung et al 1985), the so-called "faltering" was still 
observed (Leung et al 1986b, Leung and Lui 1989). The reasons for this phenomenon 
were unexplained but the hypothesis of nutritional inadequacy, or more specifically, energy 
limitation cannot be dismissed. The longitudinal data on growth and nutrition obtained in 
the Shatin study enables the author to investigate the relationship between energy intake, 
other environmental or genetic variables and the variation of growth directly. 
Research Questions 
The aim of this thesis is to investigate the relationship between energy intake, and the 
variation of growth from birth to two years in Shatin children. The null hypothesis of the 
primary research question is that variation of growth of Hong Kong Chinese children from 
birth to two years cannot be explained by the variation in energy intake. Two aspects of 
growth, the attained size and the "internal tracking" of the individual's growth, are studied. 
The attained growth outcomes are derived from the internally standardized weight and 
length Z scores. "Internal tracking" is represented by the changes of such scores from one 
age to another. Details will be presented in the method section in Chapter 3. 
In order to answer the primary research question, the patterns of growth have to be 
recognized. The descriptive results in Chapter 3 will describe and categorize the growth 
patterns and to answer a secondary research question: whether the so-called "faltering" 
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phenomenon documented by other studies is observed in the Hong Kong children. 
Cumulative energy intake from birth is used as the key independent variable to explain 
growth variations. Energy intake is chosen as the key independent variable as energy 
deficiency is one of the main causes of childhood malnutrition in the developing countries. 
Furthermore, energy deficiency has been frequently used to explain the slowing down of 
growth in Hong Kong children. However, it has been recognized that growth is not an 
undimensional phenomenon. Instead, it is a result of the complex interaction between 
genetic and environmental effects. Therefore, other hypotheses are set up in an attempt 
to explain variation in growth: (1) growth outcomes may be explained by nutrients such 
as protein, fat, carbohydrate, iron and calcium; (2) growth outcomes may be explained by 
socio-demographic factors such as housing, parental occupation and education, income, etc; 
(3) growth outcomes may be explained by infant feeding and child rearing practices such 
as early introduction of solid food, caretakers; (4) growth outcomes may be explained by 
genetically related effects such as birth weight, gestational age and parental characteristics 
(parental age, weight and length) and (5) growth outcomes may be explained by the 
morbidity of the child. It is important to note that this set of hypotheses is not mutually 
exclusive, but allows for a global understanding of the growth patterns. The details will 
be explained in Section 3.4 of Chapter 3. 
Energy expenditure is one of the determinants of the energy intake, therefore a 
supplementary study on energy expenditure using the Doubly labelled water (DLW) method 
was carried out in 1989. The aim of the DLW study was to examine the pattern of energy 
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expenditure of the Hong Kong children in order to determine whether the apparently high 
energy intake at some age range was associated with higher energy expenditure. 
The study population included full term healthy infants of a new town in Hong Kong 
(Shatin). Most of the parents were southern Chinese (Cantonese). The longitudinal study 
started in 1984 and 174 full term health infants were recruited from the Lek Yuen Clinic. 
They were followed-up bi-monthly in the first year and tri-monthly in the second year. 
By year two, 147 children were left in the study. Infant feeding practices and energy 
intake were obtained using dietary history method and cross-checked by a 24-hour recall 
and a food frequency list. Anthropometric measurements were measured by the standard 
techniques. The advantage of this being a longitudinal study was that it allowed 
cumulative energy intake as well as other nutrients to be calculated from birth, and allowed 
for the study of individual growth patterns. Multivariate analysis was performed to adjust 
for potential confounders and to identify the most significant variables affecting growth. 
In sum, the findings from this thesis should be able to highlight the dynamics between 
different factors in determining growth and to put forth a conclusive statement evaluating 
the under-nutrition hypothesis in explaining growth variation in this population. Briefly, 
the results of this thesis suggest that energy intake could not explain the internal variation 
of growth in Shatin children, while other factors such as birth weight and parental 
characteristics were significantly associated with the pattern of growth. 
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CHAPTER TWO 2 LITERATURE REVIEW 
2,1 METHODS OF STUDYING ENERGY INTAKE - DIETARY 
ASSESSMENT 
Dietary surveys are the main tools used for nutritional assessment. Although 
biochemical tests have been widely accepted as an objective assessment of nutritional 
status, nevertheless they are only measurements of micro-nutrients. Biochemical tests 
in general cannot measure macro-nutrient status (e.g. energy). An accurate evaluation 
of the results of biochemical tests also depends on the availability of data on food and 
nutrient consumption, meal patterns, and methods of preparation. The methods 
available for dietary survey are discussed below. 
1. Agricultural Balance Data and Statistics 
This method is based upon the agricultural production of a country combined with 
information about the import and export of food items. From this data per capita 
» 
consumption of energy and nutrients can be calculated. These data can also serve to 
evaluate stages of development in the country, to estimate trade balance, and to assess 
changing food patterns. However, this method does not indicate the distribution of the 
food commodities among a population nor accounts for wastage, trimming and 
processing losses. In addition, it does not account for food being used by the non-
resident consumers like tourists (Roberge et al 1984). These data only provide a 
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relatively gross indication of dietary intake and are not suitable for accurate dietary assessment. 
2. Metabolic Studies 
In metabolic studies all foods and beverages are weighed accurately prior to ingestion. 
An accurate record of wastage is kept. A sample of all ingested food is chemically 
analyzed and all excreta are also measured and analyzed. Thus, a precise calculation 
of intake and nutrient balance of an individual can be obtained. However, this 
procedure is extremely costly, time-consuming, and it requires full co-operation of the 
participants which make it impractical for population studies. This method is widely 
used in clinical research studies because it is the most accurate method for obtaining 
dietary intake data. 
3. Food Record or Food Diary 
This method is used for the assessment of food intake of an individual. It requires the 
participant to keep a written record of all food and beverages ingested over a given 
I 
period of time. The original detailed-weighing method (food weighing record) requires 
that all foods and beverages ingested within a specific period be weighed and recorded. 
Ideally, food should be weighed and recorded before and after preparation, and leftover 
food weighed again (Schlettwein-Gsell 1989). Another modified method (food record 
or diary method) is to estimate portion sizes using food models and standard measuring 
instruments. The accuracy of the method relies on an accurate description of food. The 
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food record method is time-consuming and demands a high level of commitment from 
participants who should be literate and highly motivated. There is a risk that the 
participant may get tired of weighing or estimating portion sizes and may alter his or 
her eating pattern to avoid the tedious task. In a recent study, energy intake was 
measured by the seven-day weighed dietary record method and compared with total 
energy expenditure estimated by the doubly-labelled water (DLW) technique. This 
study of 31 randomly selected adults in Northern Ireland showed that the average 
energy intake from the record was significantly lower than the measured expenditure 
(Livingstone et al 1990a). The authors concluded that as the DLW method is regarded 
as accurate to 2 - 3%, the observed discrepancies arose mainly from inaccurate 
estimates of habitual energy intake due to conscious or subconscious changes in normal 
dietary patterns, or under-reporting, or both. This is further supported by post-study 
interviews of the participants. In these interviews all participants emphasized that 
keeping a seven-day weighed dietary record had interfered with their normal eating 
behaviour and that they had difficulties in maintaining motivation particularly at the 
mid-measuring period. This raises the question about the accuracy of the currently 
accepted seven-day weighed dietary record method for assessing habitual dietary intake. 
Although most investigators use seven days in their weighed record method, there is 
no common agreement on the exact number of days needed to obtain a reliable average 
intake. Robert & Waite (1925, Wait & Roberts 1932) concluded from their studies that 
one week was preferable in order to give an accurate picture of a child's customary 
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food intake, but longer observations were necessary to determine that one week was 
reliable. Koehne (1935) suggested that dietary weighed record during a minimum 
period of one week is representative of the habitual food intake of the individual when 
compared to the whole study period of 28 to 192 consecutive days. This finding was 
further supported by many others (McCance et al 1938, Young et al 1953, Trulson 
1954，Young & Trulson 1960, Marr 1980, Block 1982, Black et al 1983，St Jeor et al 
1983，Mahalko et al 1985，KraU & Dwyer 1987). Other studies have indicated that 
there is little loss in accuracy by using the 3- or 4-day dietary record method because 
of the increase in compliance (Young et al 1952a, Morgan et al 1978, Borrelli et al 
1989，Edington et al 1989). However, Chalmer and colleagues (1952) found that a 
one-day record was sufficient to characterize nutrient intakes when compared with the 
7-，14- and 28-day dietary record. Other investigators agreed that one day intake is 
sufficient to yield a reliable group mean (Young et al 1952b, Anonymous 1976， 
Karvetti & Kmits 1985, Pao et al 1985，Chan et al 1987). On the other hand, Beaton 
and co-workers (1983) suggested that a 1-day record is inadequate for to estimate the 
usual intake of an individual. Guthrie & Crocetti (1985) found that a 1-day food record -- ..--
is inadequate in assessing nutrient intakes except for energy and magnesium. A single 
day's food record is justified for group estimates where time, money and personnel are 
limited, but should not be used for clinical or biochemical correlations (Roberge et al 
1984). In a Swedish report, Kylberg (1986) concluded that a 3-day record was 
necessary for 4 month old infants and a 7-day record was necessary for 9, 15 and 24 
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month old children. The minimum period depends on the number of individuals 
included in the sample and on the nutrients studied (Young 1981). It was reported by 
Young and co-workers (1952b) that the mean intake of a group of approximately 50 
persons or more assessed by 24-hour recall and 7-day record can be used 
interchangeably if an error of 10% can be tolerated. Mean energy intake was reported 
to be significantly greater on Fridays and Saturdays and lower on Mondays and 
Tuesdays when compared with Thursday (Basiotis et al 1989). Other investigators 
agree that the choice of the day of the week is also important since weekends are likely 
to yield higher energy intake results from week days because of more relaxed 
schedules, easier access to food at all times, and increased activity level (Leverton & 
Marsh 1939，Chalmers et al 1952, Cellier & Hankin 1962，Richard & Roberge 1982, 
Basiotis et al 1989). Thus, using the dietary record method in assessing energy intake 
for less than seven days should include weekdays to avoid over-estimation. 
4. Dietary History 
The dietary history method was originally developed by Burke (1947) and this method 
attempts to reconstruct a "typical" food intake pattern for studies relating to clinical 
signs and symptoms of deficiency. It usually begins with a 24-hour recall and 
continues with further questioning about alternative menus, weekend patterns and 
frequency of food consumption (Burke 1947, Graham 1982, Black 1986). To study the 
effects of diet on growth and development or on patterns of illness one may require a 
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retrospective as well as a current picture of food intake. This method yields a 
retrospective estimate of food and nutrient intakes, however the period covered usually 
ranges from 3 months to one year at the most. The skill and experience of the 
interviewer and the recall capabilities of the participant are fundamental for the 
accuracy and reliability of data obtained from dietary history interviews (Reed & Burke 
1954). Moore et al (1967) analyzed data collected by dietary history from 30 men and 
their spouses being interviewed separately and concluded that there was better 
agreement between estimates of intake when food models were used in estimating 
portion size. An initial dietary history is frequently unreliable especially if the 
participant has no previous reason for being aware of food intake (Beal 1967). In 
general, dietary history yields a higher mean intake than those obtained either from 
dietary records or from recall methods (Young et al 1952a, 1952b, Hankin et al 1978， 
Rasanen 1979, Jain et al 1980，Karvetti & Knuts 1981，Borrelli et al 1989). Trulson 
(1954) and Mahalko et al (1985) concluded that neither the seven-day food record nor 
the dietary history was superior to the other in obtaining dietary information. Both 
might be useful for nutrition surveys. However the choice of method depends mostly 
on the qualifications of the interviewer, and the abilities and co-operation of the subject 
group. Livingstone and colleagues (1990b) indicated that the 7-day weighed dietary 
record method was prone to under-recording of food intake in adolescents as well as 
for adults (Livingstone et al 1990a) when compared with concurrent estimates of total 
energy expenditure by doubly-labelled water (DLW). The finding of this study 
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indicated that energy intake of 78 adolescents obtained by dietary history was slightly 
higher than total energy expenditure (TEE) obtained by DLW whereas energy intake 
obtained by the 7-day weighed dietary record was significantly lower than TEE. The 
authors concluded that in this study dietary history was more reliable at the level of 
group comparisons. From these validation studies with doubly-labelled water, it can 
be concluded that dietary history is more reliable even though it yielded a higher mean 
energy intake of the population than the seven-day weighed dietary record. 
The importance of cross-checking the dietary history with a food frequency list or a 24-
hour recall has been emphasized by Burke (1947), Beal (1967)，and Morgan et al 
(1978). This serves to verify and clarify the information of one's usual intake in the 
dietary history method. By careful questioning about each food group listed or by 
obtaining a 24-hour recall in relation to the amount usually consumed within this 
period, the accuracy of the dietary history may be greatly improved. Burke (1947) 
concluded that "the final result obtained (by dietary history method cross-checked with 
food frequency list) is, as a rule, a surprisingly representative picture of the individual's -- ._ 
average intake for the interval.“ 
5. The 24-hour Recall 
In large scale nutritional surveys, 24-hour recall is usually used for collecting dietary 
data. The respondents are asked to describe as much detail as possible in the food 
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intake for the previous 24-hour period. The interview is conducted by trained 
personnel using food models and standard measuring instruments to aid the estimation 
of portion size. 
The greatest shortcoming of this method is the reliability of a single day's intake as a 
measurement of habitual intake because individuals vary markedly from day to day in 
their food and nutrient intake (Beaton et al 1979, 1983, Carter et al 1981, Farris et al 
1985). An individual might eat far more on a given day than the 7-day average, or 
vice versa. Therefore the individual's rank on a 1-day basis might be grossly different 
from the same individual's 7-day ranking (i.e. percentile position). As a result, the 24-
hour recall is not the method of choice to assess nutritional dietary status of individuals 
(Gam et al 1976, Bingham 1987). Young et al (1952b) compared nutrient intake 
obtained by 24 hr-recall with the average value from the 7-day food record in different 
age groups. Within individuals, nutrient intakes calculated from the 24-hour recall 
differed significantly from those determined by the 7-day food record and dietary 
history. However, they concluded that the 24-hour recall was representative of the 7-
day food record for estimating the mean intake of a group of 50 or more persons, when 
a 10% error could be tolerated. 
Emmons and Hayes (1973) studied children in grade 1 to 4 (age range 6-12 years) 
from the school lunch programme. The amount of food provided and wasted was 
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recorded in the school canteen by the investigators and the actual intake was calculated. 
This was compared with intake recorded by the 24-hour recall method. Their results 
showed a significant correlation (r = 0.81) between the nutrient intake of the two 
methods. Frank and colleagues (1977) suggested that the use of graduated food models 
in the 24-hour recall method might help to yield reproducible dietary data in children. 
Nomura and et al (1976) studied the reliability of 24-hour recall method against the 7-
day record method in Japanese men in Hawaii. Correlation analysis showed that food 
consumed habitually food had a higher degree of reproducibility than infrequently 
consumed foods. In 1974，Linusson and workers compared actual intake of 86 
hospitalized lactating women by 24-hour recall. Regression analysis revealed a 
tendency for the participants to overestimate small quantities and underestimate large 
quantities of food consumed. These authors believed that the 24-hour recall method 
was fairly accurate for qualitative estimates of average group intake. Similar results 
were obtained by Madden and colleagues (1976). They carried out a study on the lunch 
meal served to 78 elderly subjects at a congregate meal site. No significant differences 
were found between observed intake and 24-hour recall method for all 7 nutrients 
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except energy where there was a tendency for under estimation. 
Gersovitz et al (1978) who also compared 24-hour recall and 7-day food record with 
actual weighed intake of 31 elderly persons at a congregate meals program found that 
the mean reported intake values provided by both methods were not significantly 
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different from the weighed value. However, low intakes were over reported and high 
intakes were under-reported by the 24-hour recall method. The reported intake 
obtained by the 7-day food record method was less accurate and there was a higher 
drop-out rate towards the end of the week. At the same time, Greger and Etnyre 
(1978) studied 32 adolescent girls participating in a metabolic study. All foods were 
measured and weighed to determine the validity of 24-hour recall. Their results showed 
that the 24-hour recall provided valid estimates of energy, protein, calcium, and zinc 
but not for vitamins A or C, thiamine, riboflavin, niacin and iron. Todd et al (1983) 
compared the intake by the 24-hour recall method with that of the recorded intake 
method, and found that there were major errors in the 24-hour recall method 
However, there was no difference in the group mean and they believed that the methods 
being examined tended to balance out over time. 
The relatively low cost and short time required to carry out the 24-hour recall makes 
this method useful for large scale field surveys. This method is applicable to most age 
groups and literacy levels, except for respondents with memory failure. 
6. Short Questionnaires 
Short questionnaires ask the frequency of specific food items that are eaten in a given 
interval (Block 1982, Bingham 1987). This method can be administered quickly in 
person or by mail to a large number of people for large-scale epidemiological studies. 
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It focuses on specific foods or nutrients to fulfil the study objectives. Browe et al 
(1966) used short questionnaires and 24-hour recall to assess the diet of 1514 middle-
aged males so as to obtain information on the kinds and amounts of fats in their diets. 
The results showed that the estimates of fats and energy intakes by this method 
correlated with the data obtained by the dietary history technique. 
Two years later, Balogh and co-workers (1968) validated data obtained from dietary 
history and 7-day weighed intake record method in an ischaemic heart disease survey. 
The findings indicated high correlations amongst the questionnaire, dietary history and 
the 7-clay weighed record methods. The authors believed that short questionnaires 
provided accurate and good descriptive data for detecting association between dietary 
habits and disease. Epstein and colleagues (1970) estimated intake by short dietary 
questionnaire and dietary history in 161 adults divided into 7 categories based on sex, 
age and birth place. The short questionnaire method gave lower energy, carbohydrate, 
protein and fat intake values than the dietary history method. These results showed that 
nutrient intake calculated from short questionnaires did not always correlate with 
conventional methods. However, in a study of 16 male volunteers, Jain et al (1980) 
found that dietary assessment of intake using questionnaires in an interview was reliable 
for epidemiological studies when compared to observed 30-day diet record kept by their 
spouses. Correlations were high for 7 nutrients, but were poor for energy, total 
protein, and fibre. Therefore, the use of the questionnaire method was not 
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recommended for obtaining complete nutrient intake profiles of individuals (Roberge 
et al 1984). 
7. Food Frequency 
Another simplified approach for obtaining dietary information is the food frequency 
method which is based upon grouping foods into categories and using the frequency 
with which each food group is consumed as an index of the diet pattern. The number 
of food groups in this method varies according to the criteria used to form the groups -
similarity of nutritional value, special function in the diet, food habits etc. This 
method was originally developed by Berryman & Chatfield (1942) and used by others 
to allow a rapid assessment of menus and diet plans (Eagles et al 1966, Cook et al 
1976). This approach was later combined with a statistical procedure for specific target 
groups (Hankin et al 1968，1978，Johnson et al 1974). The greatest drawback of this 
method is the limited degree of accuracy of the calculated nutrient intake which may 
over-estimate or under-estimate the actual intake. 
8. Portable Electronic Set of Tape Recording Scales (PETRA) 
This is a newly developed portable electronic scale with a built-in recording tape and 
this is particularly suitable for subjects who cannot write (Bingham 1987). It also 
avoids errors in reading the dietary scale. This system was validated by Bingham et 
al (1985) over a 14-day period with satisfactory results. 
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2.2 ENERGY INTAKE AND GROWTH OF CHILDREN 
2.2.1 Energy Intake and Growth Studies of Children in Other Countries 
There are many cross-sectional studies in the literature of dietary intake in children but 
very few longitudinal studies on energy intake of healthy children. This is because the 
most accurate method of assessing the food intake of an individual is time consuming, 
tedious and demands a high level of commitment from the participant. Moreover, 
longitudinal studies are labour intensive. The data obtained in cross-sectional studies 
reflects the nutritional status of the subject at a specific time point only and does not 
allow critical evaluation of the relationship between long term feeding practices and 
nutritional status. 
Beal (1953) employed the dietary history method to study the energy intake of 46 
children (18 boys and 28 girls) whose ages ranged from 5 months to 18 years. Median 
and quartile intake values were used instead of means in this study due to the skewness 
of the distribution of energy intake. The median energy intake was 130，102, 101，106 
and 106 kcal/kg/day at 2, 6，12, 18 and 24 months respectively (Table 2.1) which was 
close to the recommended dietary allowance of the National Research Council (1948). 
The energy intake value decreased from 130 kcal/kg/day at 2 months to 101 
kcal/kg/day at 8 months and increased again to 106 kcal/kg/day at 18 months to two 
years of age. This gradual decrease in energy intake in infancy corresponded to the 
slower increment in weight and length. However, there was a slight increase in energy 
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intake during the second year of life when growth increments were at a low level. The 
author offered no explanation for this phenomenon. One possible explanation for this 
increase in energy intake after one year was the result of an increase in demand when 
babies started to crawl and to walk. 
Between 1977 and 1979, a longitudinal survey of 400 Caucasian infants in Toronto and 
Montreal was conducted by Yeung and co-workers (Yeung et al 1979, 1980，Yeung 
1983) to examine the nutritional adequacy of their diets. The 4-day dietary record 
method was used to assess energy and nutrient intake. Weight, length, head 
circumference, arm circumference, triceps and subscapular skinfolds thickness were 
measured by trained personnel according to standard procedures. Except for the first 
month, the mean energy intake of these infants was 10 - 20% below the Canadian 
recommendation for daily nutrient intake (Bureau of Nutritional Sciences 1975) which 
was adopted from the FAO/WHO recommendation (1973). A similar observation was 
reported for infants in Quebec from birth to 15 months. The mean energy intake was 
only 70 - 80% of the recommended level (Vobecky et al 1980). From 1 to 6 months, 
the energy intake of those infants in Yeung's study (1983) dropped rapidly from 119 
kcal/kg/day to 93 kcal/kg/day (Table 2.1) and increased thereafter to 98 kcal/kg/day 
at one year. Despite the above observations, the authors in both Canadian studies 
(Vobecky et al 1980, Yeung 1983) concluded that these infants were consuming an 
adequate amount of energy for normal growth since the mean body weight of these 
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infants was within the normal range of international growth references (Hamill et al 
1977，1979). They also suggested that the current recommended daily energy intake 
for infants was too high. Whitehead et al (1981) re-examined data from 16 published 
papers on the measured food energy intakes of healthy infants and pre-school children 
living in Europe and North America who was growing "in a healthy manner. “ This 
report demonstrated that the energy intake pattern changed as the babies grew older and 
it differed from the international recommendation (FAO/WHO 1973). The mean 
energy intake from their paper is shown in Table 2.1. Whitehead and colleagues 
(1981) concluded that the sharp fall in energy intake per kg per day during the first half 
of infancy was probably related to the rapidly decelerating velocity of growth together 
with a reduction in the rate of fat storage in the adipose tissue. During the second half 
of infancy, there was a rise in the energy intake per kg per day. It was assumed that 
this increase reflected the marked increase in physical activity as the child began to 
crawl and then to walk. This finding also suggested that the international 
recommendation for energy intake (FAO/WHO 1973) was too high and urged a 
» 
dramatic re-think of the energy requirements for infants and pre-school children. 
Around the same time as the Canadian study by Yeung (1983), a longitudinal study was 
commenced in Perth, Australia (Hitchcock et al 1986)，to assess the growth and 
nutrition of children from birth to five years. Since the volume of breast milk 
consumed by these infants was not measured, the energy intake of only the non-breast-
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feed infants from 9 months onwards was calculated using 7-day food records. The 
mean energy intake was 100, 99 and 97 kcal/kg/day at 9，12 and 24 months 
respectively which is slightly higher than the result obtained by Yeung (1983) in 
Canada (Table 2A), This difference was mainly due to the difference in infant feeding 
practices in these two countries. In Canada, skimmed milk was given to the majority 
of infants (70%) from 6 months onwards to avoid childhood obesity (Yeung et al 1979, 
Yeung 1983), whereas the majority of infants and children in Australia received foods 
with concentrated sugar i.e. cordial (concentrated sweetened fruit syrup to which water 
was added), soft drinks, cakes, cookies, ice cream, confectionary and sweetened 
desserts at meal times and/or between meals. The results of this study gave general 
support to the conclusion of Whitehead et al (1981) that the recommendation of the 
FAO/WHO (1973) for energy was overgenerous. However, energy intake per kg body 
weight of the Perth infants was higher at 9 months and lower from one year onwards 
than those of the observed energy intake put forward by Whitehead et al (1981). These 
studies urged the WHO to revise their energy recommendations for infants. 
' - ' . • - - • -
In 1985, the Food and Agriculture Organization of the United Nations/World Health 
Organization/United Nations University (FAO/WHO/UNU) amended its energy 
recommendation based on the observed energy intake value proposed by Whitehead et 
al (1981) with an addition of 5 - 10% "to cover the energy needs of less developed 
countries" and "to eliminate under-estimation of breast milk intake by test weighing" 
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(FAO/WHO/UNU1985). Consequently, the current recommendation is lower than that 
of 1973. 
Warrington and Storey (1988a) assessed the dietary intakes of Asian and Caucasian 
infants in Rochdale, England from birth to two years by the 3-day weighed record 
method. Asians had a lower energy intake than Caucasians at 6 and 9 months of age. 
When energy was expressed as kcal/kg/day, the mean energy intake of both Asians and 
Caucasians was below the FAO/WHO/UNU (1985) recommendations for energy from 
6 months onward. The authors stated that the current revised energy recommendations 
(FAO/WHO/UNU 1985) were still too high for children from 6 months to two years. 
Although the FAO/WHO/UNU (1985) energy recommendation has been widely used, 
there is controversy about its appropriateness. In a cross sectional study of one and 
four months old, bottle-feed infants (Mountandon et al 1986), the energy intake was 
generally in agreement with the international recommendations (FAO/WHO/UNU 
1985), but was substantially higher than the measured energy intake of breast-feed 
infants. Other studies have shown similar differences between formula-feed and breast-
feed infants (Butte et al 1988, 1990) which was associated with distinct physiologic 
responses resulting in higher total daily energy expenditure, sleeping metabolic rates 
and rectal temperature of the bottle-feed infants (Butte et al 1988, 1990, Garza & Butte 
1990). Paul and co-workers (1990)，based on their energy intake data of 48 Cambridge 
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-children, suggested that the energy intake of breast-fed infants in 1990 was lower than 
that of infants of a generation ago, when bottle-feeding with unmodified cows' milk 
formulae and an early weaning were the norm. Their data agreed with that of 
Warrington & Storey (1988a) that the current FAO/WHO/UNU (1985) energy 
recommendation should be re-evaluated. In addition, the appropriateness of growth 
references which were derived from primarily formula-fed populations with high energy 
formulae may be questioned (Whitehead and Paul 1985). 
In summary, the findings of these studies suggested that the energy intake of the 
present-day infants could not meet the FAO/WHO/UNU (1985) recommendation level, 
but they were growing within the normal range of the internationally recommended 
U.S. National Center for Health Statistics reference (Hamill et al 1977，1979). 
However, no correlation between the energy intake and growth of these children has 
been done. The Shatin study provides a longitudinal dataset with data on growth and 
energy intake for the analysis of relationship between energy intake and growth. 
2.2.2 Energy Intake and Growth Studies in Hong Kong Children 
Three studies have been done in relation to the nutritional adequacy of Hong Kong 
Chinese infants during the weaning period. 
In 1967, Baber and Field (1973) conducted a longitudinal study to investigate nutrition, 
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growth, development and child rearing practices among Hong Kong children to 
elucidate the cause of variations in growth patterns. 783 babies were recruited from 
the maternity wards of Kwong Wah Hospital and Queen Elizabeth Hospital in Kowloon. 
The babies attended the clinics monthly and home visits were made approximately every 
three months to assess conditions at home and to observe the baby in the home 
environment. At the end of the first year 140 babies were lost to follow-up. By the 
end of the second year, a further 52 babies were lost to follow-up and an additional 24 
were lost at the end of the third year. Dietary advice was not given during the survey 
in order not to influence the feeding habits of the surveyed babies. During home visits 
anthropometric measurements were carried out and interviews were conducted. At 
birth, 58% of the babies were breast-fed and 42% were artificially fed. Approximately 
24% of the breast-fed babies were given artificial supplements (but 66% of these 
supplemented babies received sweetened condensed milk as a supplement at some time). 
Due to the lack of infant nutrition knowledge, the studied mothers relied on their own 
mothers, mothers-in-law, female relatives and often neighbours in choosing the type of 
feeding, the amount and type of food at weaning. Since the survey team did not 
include a nutritionist, the data on food intake was insufficient for further analysis. In 
Baber's study, breast-feed babies were given more frequent feeds than bottle-feed 
babies. By three to seven months the number of feeds gradually decreased from seven 
to five per day. At eight months, there was a sharp reduction to three feeds a day, and 
thereafter it was a common practice to give two or three feeds. However, the quantity 
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and quality of milk given were not assessed. Solid foods were introduced by the fourth 
month and by the seventh month more than 50% of the children were having one or 
two major meals a day. By one year of age, 85% were having one or two major meals 
a day and milk was partially or completely withdrawn from their diet. In their book 
Field & Baber (1973), concluded that "the main problem, therefore, in infant feeding 
in Hong Kong is not so much the early milk feeding on which the child thrives, but the 
weaning period when the child seems unable to take enough of the diet of congee even 
if adequate quantities of fish, liver, meat, eggs and vegetables are given with it. 
Probably the appetite is reduced by the multiple infections at this period and the easily 
assimilated milk is too rapidly withdrawn. It seems as if milk or some liquid substitute 
is still required to supply the necessary calories, protein and fat for the adequate growth 
and development." 
During the first four months of life, the study infants grew satisfactorily. However, 
at weaning period, their growth in weight and length faltered. As mentioned earlier 
t 
"the appetite of these infants was reduced by multiple infections and milk was 
withdrawn too rapidly at the time of weaning." The traditional weaning food which 
consisted of rice gruel was given with only a small amount of meat, fish or egg. 
However these were usually removed before the congee was given to the infants 
because the mothers believed that meat might cause indigestion especially during and 
after an illness. As a result, the intake of energy, protein and other nutrients fell below 
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that needed to provide adequate growth and development. Since there was no • - , 
nutritionist in the research team, no quantitative information on the adequacy of their 
diet was obtained. By 18 months of age, the infants could tolerate a greater variety of 
food in their diet and as a result, their intake as well as their growth improved. 
The book "Growing up in Hong Kong" became the classic reference for the growth and 
nutrition of Chinese infants in Hong Kong in the late 1960's. Since then the infant 
rearing practices and child health services in Hong Kong have changed tremendously 
due to remarkable improvements in the socio-economic conditions. 
Yet, in spite of all these changes there is continued doubt about the adequacy of the 
weaning diet. A cross-sectional study was carried out by Li and co-workers (1982) in 
1979 at the Aberdeen Maternal and Child Health Centre (MCH) where mothers brought 
babies back for routine follow-up visits, immunization procedures, and development 
assessment. The interviews took place on either Wednesday or Thursday so that the 
babies，diet would be more representative of the routine of the week. The team 
consisted of a paediatrician, a nutritionist and a nurse. At each visit, the baby's general 
health status was first assessed by the paediatrician, and a brief medical history was 
taken. Each baby was weighed with light summer clothes using a Detector Scale and 
the supine length and head circumference were measured. The mother was interviewed 
by a qualified nutritionist and the baby's total food consumption in the previous 24 
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hours was recorded. The mother was asked to estimate the amount consumed with the 
aid of food samples or household measures. The type, brand, strength and amount of 
milk consumed was recorded in fluid ounces. The intakes of energy, protein, calcium, 
iron and vitamins A, B complex, C and D of each baby were calculated using food 
tables. There were 21 boys and 28 girls in this study. The age distribution was from 
7 months to 24 months. There were 21, 18 and 10 babies in the age group 6 - 12, 12 -
18, 18 - 24 months respectively. 
The recommended dietary allowance (R.D.A.) published by the World Health 
Organization (FAO/WHO 1973) was used as a reference to evaluate the nutrient intake. 
The authors concluded: (1) 69% of the babies had an energy intake below WHO 1973 
recommendations; (2) 22% of the babies had a protein intake below the recommended 
allowance, and the main source of protein was milk; (3) low total energy intake was 
probably due to the prolonged use of rice congee (rice gruel) as a milk replacement; 
(4) intakes of iron, calcium and vitamin D were unsatisfactory; and (5) physical growth 
in 20 % of the group was less than the 25th percentile of weight for length indicating 
current undernutrition. 
In March 1981, a second cross-sectional study was conducted in the Kwun Tong Family 
Health Clinic by Li et al (1985a). The work team consisted of two paediatricians, two 
nutritionists and a nurse. Both nutritionists worked as a team to obtain dietary data 
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using the 24-hour recall method. The intakes of energy, protein, calcium, iron and 
vitamin A, B complex, C and D of each baby were calculated as in the previous study. 
Forty-three boys and thirty-seven girls were included in this Kwun Tong study. There 
were nine babies from 7 - 12 months, 47 babies from 12 - 18 months and 24 babies 
from 18 - 24 months. The findings of this study were almost identical to the previous 
study. The major conclusions were: (1) 74% of the Kwun Tong study babies had an 
energy intake below the 1973 WHO recommendation; (2) 20% had an inadequate 
protein intake; (3) intakes of iron, vitamin B complex, calcium and vitamin D were 
low, especially the latter two; and (4) physical growth parameters in 17% were 
unsatisfactory for age, indicating the effect of under-nutrition of some duration. This 
study concluded that "when the babies were started on mixed feeding, the extensive and 
prolonged use of congee which had a low energy content, was the important factor 
I . 
responsible for the low total energy intake in most diets. Replacement of milk by 
congee resulted in low calcium and vitamin D content in the diet. The situation was 
made worse when some parents changed to full cream milk formula, but offered the 
milk in diluted form." The above two studies concluded that there was significant 
under-nutrition with regard to total energy intake, vitamin B complex, vitamin D, 
calcium and iron in Hong Kong babies when compared to the WHO 1973 
recommendation (Li et al 1985a). 
There are some reservations about the implication of the conclusions of these studies, 
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which are listed as follows: 
1. The FAO/WHO (1973) recommendation on energy requirement was based on 
the projected intake from the observed intakes of 1 - 3 months old breast-feed 
infants growing normally (Fomon 1967，FAO/WHO 1973). The consultants of 
FAO/WHO/UNU (1985) accepted the new estimates proposed by Whitehead et 
al (1981) on the energy requirements of infants and young children. They 
incorporated a 5 - 10% allowance above observed intakes to allow for 
under-estimation of the actual milk consumption in test weighing children before 
one year of age and for a desirable level of physical activity in children older 
than one year. In spite of the 5-10% upward bias in the 1985 figures, the 
difference between the 1973 and 1985 FAO/WHO recommendation on energy 
requirements is still 10 - 15% (Table 2,2). Thus, infants and young children 
who were diagnosed as under-fed by the FAO/WHO (1973) recommendation 
might have been judged as adequately fed if the current recommendation were 
used (FAO/WHO/UNU 1985). If the reports of energy intake from Li and • - • • -- .-
colleagues (1982, 1985a) were compared with the current FAO/WHO/UNU 
recommendation (1985) the number of children identified as under-fed would 
have been smaller. 
Furthermore, studies using the doubly-labelled water method in infants show 
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that energy requirements are substantially lower than the current 
FAO/WHO/UNU recommendation (Prentice et al 1988). Thus, even the use 
of the current recommendation by FAO/WHO/UNU (1985) may also over-
estimate the requirement of the energy intake of a population. 
2. Children of different ages were grouped together. It is known that energy 
intake varies considerably with age therefore a precise judgement of the 
adequacy of nutrient intake is not possible. 
3. In the calculation of actual dietary intake (kcal/kg/day), median weight-for-age 
of the study children was used instead of the individual's measured body weight. 
This exaggerated the inadequacy of energy intake in relation to the WHO 
recommendation. 
4. In sub-tropical regions, where sunlight is in abundance, low vitamin D intake 
does not necessarily reflect low Vitamin D status of a population. 
5. A WHO publication (1979) has queried the widely used Gomez system, which 
is based on weight-for-age expressed as a percent of reference weight. In this 
system, first degree malnutrition is equivalent to 76 - 90% of the reference 
weight-for-age. A cut-off point of 90% of reference weight for age is high, 
-30-
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since 80% is approximately equivalent to -2 SD or the 3rd percentile. Some 
normal children may thus be classified as having first degree malnutrition 
(WHO 1979). Moreover, several workers have suggested that there are 
significant genetic differences affecting physical growth (Goldstein & Tanner 
1980，Eveleth 1986，Davies 1988，Leung & Davies 1989). Thus, the 
inappropriate use of growth reference standards might lead to misinterpretation 
of the health status of a population. 
6. The above two studies only compared the trend of energy intake and growth but 
not the correlation between energy intake and growth of an individual child. 
With these reservations concerning the previous studies, a longitudinal study was 
commenced in 1984 to investigate whether energy intake was an important factor 
affecting growth of the pre-weaning and weaning children in Hong Kong. This thesis 
concentrates on the relationship between energy intake and growth of individual 
children. 
2.3 METHODS FOR MEASURING ENERGY EXPENDITURE 
The measurement of energy expenditure is one of the most difficult tasks since the 
highest accuracy can only be obtained at the cost of inconvenience, both for the 
investigator and the subject. 
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1 2.3.1 Direct Calorimetry 
I 
I 
Direct calorimetry is the measurement of the amount of heat produced by the body 
(Garrow 1974, Davison et al 1979). The first calorimeter was developed by Atwater 
in the early 1900，s (Atwater and Benedict 1905). It is simple in theory but difficult and 
costly in practice. Each subject is placed inside a specially insulated chamber and all 
I 




A calprimeter chamber is expensive to construct and requires the constant attention of 
skilled technicians. Moreover, the subject is confined in a small chamber for a period 
of time and therefore the measured energy expenditure may not represent his/her 
habitual energy expenditure. 
2.3.2 Indirect Calorimetry 
Indirect calorimetry is the measurement of oxygen consumption. It is technically a 
simpler procedure than the measurement of heat production and is based on the fact that 
a close relationship exists between gaseous exchange and heat production (Garrow 
1974). 
















Since the development of the more precise gas analysis methods, this technique has 
become widely used. Measurement is based upon the amount of oxygen consumed in 
a given period of time. Oxygen is used in proportion to the amount of glucose or fat 
which is being oxidized in the tissues (Robinson 1967). Indirect calorimetric 
calculations are aided by measurement of respiratory quotient (RQ) which indicates the 
predominant fuels in current use, so that adjustment can be made for the contributions 
from carbohydrate and fats (Under 1985). The RQ is the ratio of CO� produced to O2 
consumed. When carbohydrate, fat and protein are used as the fuel source, RQ is 1.0, 
0.70, and 0.8 respectively (Weir 1949). 
I 
The equation formulated by Weir (1949) for calculating energy expenditure from 
respiratory exchange is: 
K = 3.941 O2 + 1.106 CO2 + 2.17 UN 
where: 
� 
K = total heat output in kcal at a given time 
O2 = volume in litres of oxygen consumed in that time 
CO2 = volume in litres of carbon dioxide produced 
UN = urinary nitrogen in grammes, 
i 
If the assumptions in this calculation are correct, it is simple to collect all expired air 














production can therefore be calculated by using RQ, and values from the standard table 
(Graham 1924) can be used to convert to energy expended (Garrow 1974). 
In practice, indirect calorimetry confines the subject in an airtight system, the 
respiratory chamber, which is similar to the calorimeter. Indirect calorimetry confines 
I 
the subject in an airtight system, the respiratory chamber, which is similar to the 
calorimeter. A theoretical objection to the respiratory chamber is that the subject is not 
breathing normal air, but an atmosphere of higher concentration of carbondioxide and 
I lower poncentration of oxygen. However, Benedict (1933) showed that similar results 
I 
were obtained on a subject stayed in the respiratory chamber for a couple days with a 
carbon dioxide concentration of 0.03 % and over 2%. The disadvantage of this method 
is that it is expensive, laborious and inconvenient. As a result, other methods of 
collecting expired air have been developed to allow greater freedom for the subject. 
Ventilated Hood 
A ventilated hood looks like a space helmet which can be comfortably worn by a 
subject while in bed. Air is drawn through the hood at a known rate which is about 
i 
I 
two tc^  three times the ventilation rate of the subject, and the gas composition coming 
out of the hood is analyzed for oxygen and carbon dioxide by gas analyzers (Garrow 
1974). 




I j i 
I 
This method is convenient for subjects at rest, but a closely fitted face mask is used for 
exercismg the subject since the hood is too cumbersome. However, at high metabolic 
rates i.e. heavy exercises, the face mask may limit the activity levels. I I 
I 
I I 
I Douglas Bag 
In the early 1900，s, Douglas made a major advance in the techniques for measuring 
i 
respiratory gas exchange in humans (Douglas 1911). 
i ‘ 
In this method, the subject wears a nose clip, and a mouthpiece fitted with valves, so 
that all expired air is collected in a large flexible bag. This method is one of the 
simplest means of respiratory calorimetry. The duration of the study is limited by the 
! 
capacity of the bag. One has a choice of using very large bags or very short 
experimental periods. Either decision has its disadvantages. Very large bags create 
problems for mobile subjects and the short experimental periods increase the errors 
(Garrow 1974). Shepard (1955) reported that the chief sources of error are the 
diffusion of COj out of the bags and the difficulty of measuring accurately the amount 
of air in a Douglas bag. The calculation of energy expenditure depends on multiplying 
the concentration difference between the inspired and expired air by the ventilation rate. 
An error of one litre in estimating the volume of gas in a 100 litre bag will cause an 
error of 1%. This method is cumbersome and impractical to use in field studies. 
I 







Portable Respiration Calorimeters 
Kofranyi and Michaelis (1940) developed a portable respiration calorimeter. In this 
method the subject wears a tightly fitted face mask with valves, so expired air flows to 
a box which contains a meter that records the volume of expired air. The box is 
carried on the subject's back. A sample of the expired air is diverted by a device into 
a small sample bag and this sample is stored for later analysis (Garrow 1974, Motlram 
i 
1979, McLean & Tobin 1987). The development of this device makes it possible to 
measure the energy cost of different activities. However, it is still necessary for the 
subject to carry the portable calorimeter. A comparison was made between Douglas 
bag and portable respiration calorimeter for measuring the energy cost of carrying 
heavy loads up and down stairs. Orsini and Passmore (1951) found that there was a 
I system error in the portable respiration calorimeters which gave a lower value (18%) 




Sources of error in indirect calorimetry 
There are two main sources of error in indirect calorimetry, but they can be overcome. 
The first source is accuracy. Modem gas analysers are very accurate, but care should 
be taken to ensure that standard gases are analysed under the same conditions of flow, 
temperature and humidity as the expired air. Flow rate is more different to check, but 
the accuracy can be checked by burning a known weight of alcohol or butane gas to 







result should be within 1% (Garrow 1978). 
Another source of error is the measurement of resting metabolism which can only be 
made on patient who is at rest and has reached a steady rate. Garrow and Hawes 
(1972) demonstrated that assuming the patient who has been lying quietly for 30 
minutes has reached a steady state is incorrect. Their results show that it takes about 
I 
30 minutes after the heart rate has become constant for the carbon dioxide output to 
become constant. As a result, measurements of metabolic rate by indirect calorimetry 
I 
or measurements of respiratory quotient need to be made .continuously for a period of 
I 





2.3.3 Heart Rate Method 
This method is based on the fact that there is a relationship between oxygen 
consumption, energy expenditure and heart rate (Berggren & Christensen 1950, 
Booyens & Hervey 1960, Bradfield et al 1970，Wamold & Arvidsson Lenner 1977). 
The advantage of this technique is that it can be applied to a large range of activities 
(except immersion in water) for a long period of time with minimum effect on the 
pattern of activity of the subject (Garrow 1978). However, it is very labour intensive. 
With this method, it is also possible to measure the day to day variation of energy 
i 
expenditure over a long period of time. An individual relationship between oxygen 
I consumption and heart rate at different levels of activity must be considered for the 








accurate determinations of energy expenditure (Berggren & Christensen 1950, Booyens 
& Heiivey 1960, Bradfield et al 1970, Andrew 1971). In addition, different individual 
regression lines should be used for activities performed in different postures e.g., 
I I 
I 
different lines should be used for sedentary activities such as sitting, lying or working 
in upright position, involving large muscle groups (Booyens & Hervey 1960, Andrew 
1971). For subjects in whom the determination of the individual relationship between 
oxygen consumption and heart rate at different work loads is not possible, the use of 
standard regression lines for age and sex has been proposed (Payne et al 1971). It is 
essential that good electrode contact should be maintained .at all times. Electrodes must 
be checked daily in order to obtain reliable results (Garrow 1978). The main problem 
of the heart rate method is accuracy. Misleading results can be obtained if regression 
lines obtained during periods of high activity are used when subjects are sedentary for 
long periods of time (Wamold and Arvidsson Lenner 1977，Garrow 1978). In order 
！ 
to avoid any extrapolation, the measurements of oxygen consumption and heart rate 
must be made over the whole activity range. 
2.3.4. Doubly-labelled Water (DLW) Method 
The recent development of the doubly-labelled water method provides a new approach 
which enables the measurement of energy expenditure of free living subjects with little 
i 
inconvenience. This method was first suggested and used in small animals by Lifson 
I 
















between the oxygen in respiratory carbon dioxide and the body water (Lifson et al 
1949, 1955). Lifson and his colleagues measured the body water and carbon dioxide 
turnover by monitoring the concentrations of isotopes in urine after an injection of 
doubly-labelled water into mice. Oxygen is eliminated by the body as both 
carbon dioxide and water, whereas hydrogen is eliminated only as water. The 
difference in turnover rates provides a measure of the rate of carbon dioxide production 
(Lifsop et al 1955, McLean & Tobin 1987). With additional knowledge of the 
respiratory quotient, energy expenditure can be calculated. Respiratory quotient (RQ), 
I is measured or derived from the results of previous studies (Lusk 1924). 
The DLW method has not been widely used until recently because of the relatively high 
cost of the doubly-labelled water (about US$ 1,500 per kilogram of body mass for the 
recommended doses in early 1960，s), and the limited availability of instrument for 
isotopic measurement. In the late 1970’s, human research with the DLW method was 
made possible not only by the reduction in the price of doubly-labelled water, but also 
by the development of a sensitive and accurate method of determining ^^ O by using 
isotope ratio mass spectrometry (Lifson et al 1975). Since then, several research 
groups have carried out energy expenditure studies by the DLW method in human 
！ 
subjects with excellent results. Nevertheless, the costs of the doubly-labelled water and 
mass spectrometers are still high to limit its use. The principle and calculation of DLW 
are attached in Appendix I 
i 
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two-fold error in the estimation of fractioned proportion (e.g., using 0.1 when the true 
value is 0.2) would create only a3 -4% error in total energy expenditure. Thus under 
normal circumstances with a moderate climate, the error in the fractionation should be 
small (Prentice et al 1989). However, there is an inevitable loss of precision when 
DLW was used under high ambient temperatures, which caused high rates of water 
turnover with a consequent reduction in the ko/kd ratio. This may account for the 
higher upper range of the standard error of the carbon dioxide production rate. Roberts 
and workers (1986) had estimated the fractionated water loss of premature infants as 
16%. A fractionation factor of 15% was used in the present study following the 
protocol used in the Dunn Nutritional Laboratory for infants and children. However, 
data from Gambian infants suggested that the error in total energy expenditure are 
unlikely to exceed 土 when a fractionation factor of 15% was used in the hot 
climate. The study period was from April to July, and the climate was changing from 
humid to hot. Therefore, it is unlike the source of error in the calculation. 
FQ was used for calculation of CO� production in the DLW study instead of RQ using 
Black and colleagues' proposal (1986). Moreover, they demonstrated that even with 
a limited amount of dietary data it should be possible to keep the error below 2%. The 
average FQ of this study was 0.87 which was similar to those reported by Black and 
co-workers (1986). Although there was an underestimation of energy intake, the 




protein, fat and carbohydrate was used for this calculation, but not the absolute value. 
The FQ values were similar to those of the bottle-fed infants reported by Black et al 
(1986). Therefore, it is reasonable to assume that the observed discrepancy between 
energy intake and expenditure may be largely due to under-estimation of habitual 
energy intake. 
Using the multi-point mathematical method confidence limits for each measurement can 
be calculated. This error analysis shows that the DLW method is unlikely to have a 
bias of more than 5% (Coward & Prentice 1985, Coward 1988, Prentice 1988). 
Summary 
The measurement of energy expenditure has clinical and scientific importance especially 
for the estimation of energy requirement. However, ethical and practical problems 
have limited the acquisition of information on total energy expenditure in infants and 
children. The development of the doubly-labelled water method for use in humans 
: � provides the first accurate and non-invasive means of assessing total habitual energy 
expenditure in free-living infants and children. This technique is superior to other 
alternative techniques such as direct or indirect calorimetry which is subject to rather 
restricted conditions. Moreover, in combination with the classical techniques of 
indirect calorimetry and the assessment of body composition, the DLW method offers 
new insights into the partition of energy between maintenance metabolism, physical 
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activity and growth (Prentice et al 1989). Hence, the doubly-labelled water method 
was used in the present study to measure energy expenditure of a small sample of Hong 
Kong Chinese infants and children in order to examine whether trends observed for 
energy intake from 6-24 months in Hong Kong Chinese infants and children may be 
explained by energy expenditure. 
2.4 ENERGY EXPENDITURE STUDIES IN CHILDREN 
The measurement of energy expenditure is important in establishing energy 
requirement. However, this measurement was difficult due to ethical and practical 
problems mentioned in section 2.3. The doubly-labelled water (DLW) technique offers 
an accurate non-invasive means of assessing total habitual energy expenditure in free-
> 
living children. Recently there have been several studies of energy expenditure in 
children using this technique. 
2.4.1 Energy expenditure of normal children 
Lucas and colleagues (1987) used the DLW technique to measure total energy 
expenditure (TEE) in 12 free-living, breast-fed infants at 5 and 11 weeks. They also 
estimated energy deposition on the basis of changes in body composition measured by 
isotope dilution. TEE of exclusively breast-feed infants were 67 kcal/kg/day at 5 weeks 
and 72 kcal/kg/day at 11 weeks. The metabolisable energy intake which was calculated 
from energy deposited plus energy expended were 95 and 93 kcal/kg/day at 5 and 11 
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weeks, respectively. These values were lower than the 105 and 96 kcal/kg/day 
reported by Whitehead et al (1981, Whitehead & Paul，1985). 
Another study of TEE of 4-months-old breast-fed and formula-fed infants was 
calculated by Butte and co-workers (1990) in Texas, USA. The mean daily TEE and 
sleeping metabolic rate (SMR) of breast-fed infants were 64 and 50 kcal/kg/day 
respectively. For formula-fed infants the values were 73 and 53 kcal/kg/day 
respectively. A higher TEE and SMR were found in formula-fed infants. 
Since these are the only two studies measuring TEE by the DLW method in normal 
infants, other studies of malnourished or obese infants and children are also reviewed 
here. 
2.4.2 Energy expenditure for obese children 
In 1988, Roberts and workers studied the TEE, resting metabolic rate of 6 children 
with lean mothers and 12 children with obese mothers at three months of age. By one 
year of age, 6 out of the 12 children with obese mothers became overweight (over 
NCHS 90th centile of weight for length), and the other 6 remained lean. This 
permitted the 18 infants to be divided into 3 equal groups: lean/ lean (L/L), lean / 
obese (L/0) and obese / obese (0/0). At three months, resting metabolic rates (RMR) 
were 65 , 62 and 60 kcal/kg/day in the L/L, L/0 and 0/0 groups respectively. Mean 
•• • . . • 
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TEE measured by DLW were 77, 77 and 61 kcal/kg/day. This result suggested that 
low TEE rather than an excessive energy intake was the initial cause of development 
of fatness. 
2.4.3 Energy expenditure for malnourished children 
Fjeld et al (1988，1989) used the same technique to assess the energy expenditure in 22 
children in the early phases of recovery from malnutrition and 19 children in the late 
recovery phrase. Their mean age was 16 months and mean weights were 7.0 kg and 
8.2 kg respectively which was below the NCHS third percentile. The mean TEE for 
children during catch-up growth was around 85 kcal/kg body weight/day. 
About the same time, an extensive study of energy expenditure using DLW in 137 
under-nourished Gambian children aged 1 - 36 months was reported by Vasquez-
Velasquez (1988a, 1988b). TEE was found significantly lower in Gambian children 
(809 kcal/day) compared to British controls (929 kcal/day) at around two years of age. 
However, there was no significant difference between the two groups when TEE was 
expressed as per kg body weight (82 kcal/kg/day Vs. 80 kcal/kg/day respectively) as 
the Gambian children were smaller in size. 
The findings of the above two studies agree with each other that children might expend 
more energy during catch-up growth. 
• - • ‘ t 
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2.4.4 Other energy expenditure data 
Prentice and colleagues (1988) collated all available data (published and some 
unpublished data) on energy expenditure (TEE) measured by the DLW method. A total 
of 355 children from birth to three years old was pooled together. The group means 
were 110, 95, 85，83，83, 84 and 85 kcal/kg/day at 1，3，6，9 12, 24 and 36 months 
respectively. The authors stated that the data were remarkably consistent even though 
they were obtained by several laboratories using slightly different variations of the same 
method. TEE includes the cost of basal metabolism, thermogenesis, physical activity 
and the energy cost of anabolic processes associated with growth. Using Fomon's data 
on the body composition of reference children (Fomon et al 1982) the new estimates 
of requirement were calculated by adding the energy deposited as tissue. These new 
estimates of energy requirements were substantially lower by (23, 22 and 18 
kcal/kg/day at 12, 24 and 36 months respectively) than the figures published by the 
FAO/WHO/UNU particularly after the second year of life. 
Prentice et al (1988) suggested that the WHO expert committee should consider this 
new data in making recommendations on energy requirements during infancy and early 
childhood. Validation studies of DLW demonstrated that "worst-case" errors under a 
variety of hypothetically extreme conditions were unlikely to bias the results by more 
than a few percent. The authors concluded that it is reasonable to assume that the TEE 
values were correct. Besides, there was close agreement between the TEE values from 
-46 -
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different research groups using different methods of calculation which provided further 
evidence that the new estimates were correct and without systematic under-estimation 
(Prentice et al 1988). 
Recently, there has been an increasing awareness that there may be profound 
differences in the nutritional status of breast-fed and formula-fed children. Butte et al 
(1990) compared the energy expenditure obtained by the DLW method in sixteen 4-
month-old, breast-fed or formula-fed infants. They reported a higher energy intake, 
TEE and sleeping metabolic rate in formula-fed infants. The Darling study (Davis Area 
Research on Lactation, Infant Nutrition, and Growth) confirmed the above finding that 
energy intake of breast-fed infants with normal growth was lower than formula-feed 
infants (Dewey et al 1989). These results supported the findings of Prentice et al 
(1988) and suggested the requirements of both breast-fed and formula-fed infants were 
lower than the current energy recommendation (FAO/WHO/UNU 1985). 
The data used by Prentice (1988) were obtained from well-nourished European (Lucas 
et al 1987, Vasquez-Velasquez 1988a) and American children (Butte et al 1988) plus 
Gambian children who came from a wide spectrum of nutritional status (Vasquez-
Velasquez 1988a, 1988b) and formerly malnourished Peruvian children undergoing 
nutritional rehabilitation (Fjeld et al 1988). The authors showed that when expressed 
per kg body weight, the mean TEE values from the malnourished children in these 
-47 -
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studies were indistinguishable from the well-nourished children. However, Fjield and 
co-workers (1988) demonstrated in their study that malnourished children may have an 
elevated level of total energy expenditure for catch-up growth. 
Apart from the problems of averaging different populations, another criticism that could 
be made of Prentice conclusions is that the widely differing age range (12 - 24 months 
and 24 - 36 months) used in these studies could have blunted the differences at various 
ages. More scientific research is needed to investigate the differences in each 
individual age. 
-48 -































































































































































































































































































































































































































CHAPTER THREE: A STUDY OF FNKRGY INTAKE AND GROWTH FROM 
BTRTH TO TWO YEARS 
3.1 INTRODUCTION 
It has been suggested that the energy intake of today's infants and young children is 
considerably below current recommendations (Warrington and Storey 1988a, Butte et 
al 1988, 1990，Paul et al 1990). In early 1980，s，Li and co-workers concluded from 
the findings in their two Hong Kong studies that there was significant under-nutrition 
in children related to total energy intake and other nutrient intakes when compared to 
the World Health Organization (WHO) recommendations (FAO/WHO 1973). Prentice 
et al (1988) argued that the present estimates of energy requirement during infancy and 
early childhood is excessive because they are based on observational intakes of infants 
given formulae developed in past decades which tended to be higher in energy density. 
The WHO energy recommendation consultant group, being limited by the information 
available on energy expenditure of infants and young children then, was unable to 
produce a recommendation appropriate for the today's children. The 1985 WHO 
recommendation was based upon the observed energy intakes of the normal western 
children in the past decade without reference to any data on their growth. This 
approach was unable to produce a validated reference for energy intake. 
Without a reliable reference standard for energy intake, one has to rely on other sources 
for the assessment of energy intake of growing children. One indirect means is to 
compare growth parameters with reference standards. The international WHO 
• .• • -
recommended growth reference standards are the data presented by the U.S. National 
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Centre for Health Statistics (NCHS) (Hamill et al 1977，1979) which incidentally have 
no information on energy intake. The use of NCHS growth parameters to assess the 
adequacy of energy intake can result in a circular argument of normality. It is 
uncertain whether the energy intake is limiting the growth of the child if he/she is 
below NCHS reference or vice versa. Although there is evidence that there is slowing 
down of growth during early infancy in Hong Kong relative to international standards, 
there is no strong evidence to conclude that these children had inadequate energy 
intake. The NCHS reference tables in this thesis are thus used only as an "external" 
reference to categorize differences in patterns between Caucasian and Chinese children, 
and to describe whether the so-called "growth faltering" is observed in this sample. 
They also help to identify other types of growth deviation within the first two years of 
life. In statistical analysis of the relationship between energy intake and growth, the 
best approach for assessing the adequacy of energy intake may be to use the "internal 
tracking" of the individual child within the age period (i.e. the change of relative 
position of the Z score of the ‘internal，reference of the individual child) using each 
individual child as his/her own control. This approach is developed and used in this 
thesis (refer to section 3.36). 
3.2 OBJECTIVES 
One of the objectives of this study was to describe and categorize the observed variation 
in growth of Hong Kong Chinese children at different ages especially during the 
weaning period. Comparison was made with international recommended NCHS 
reference (Hamill et al 1977，1979，WHO 1986) to discuss whether the phenomenon 
of so called，growth faltering' was observed. Faltering is reflected in a downward 
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tracking of the expected weight gain compared with the reference curve (Beaton et al 
1990). However, it depends on the reference chosen for the assessment of growth 
faltering. This study also attempts to use the energy intake and other environmental 
factors to explain growth outcomes. 
3.3 METHODOLOGY 
3.3.1 The Nutritional Research Team 
The research team consisted of a part time dietitian (the author), a full-time nurse and 
a paediatrician. The study was funded by The Croucher Foundation. 
3.3.2 Study Outline 
One hundred and seventy-four infants were recruited within 10 days of birth according 
to the selection criteria. 
1. full-term infants with gestational age over 36 weeks 
2. age at recruitment 10 days or less 
3. no maternal complications during pregnancy 
4. no prenatal complications 
Weaning in Chinese infants starts at four months of age and is completed by one and 
a half to two years of age. In order to examine the relationship between weaning 
practice and early growth variation, a longitudinal approach was chosen to observe the 
change with time. 
Since children exhibit faster growth in the first year of life, each child was interviewed 





infants were assessed with the following procedure: 
1. Energy intake assessment 
Among all nutrients, energy is the most important nutrient for the growing infant who 
has increased requirements for tissue synthesis and storage. Any inadequacy of energy 
may be associated with growth failure. 
2. Assessment of growth in weight and length 
Nutritional inadequacy can be assessed by physical anthropometric measurements. 
Chronic malnutrition can result in low length-for-age (stunting) which represents the 
accumulated consequences of retarded growth (Waterlow 1973). Linear growth is 
cumulative and is a slower process than growth in body mass. Weight-for-age is more 
affected by the immediate past environmental factors which include infant feeding 
practices especially during the weaning period. 
3. Assessment of health 
Illnesses and duration of the illnesses were recorded to assess the health status of these 
infants. Chronic illness and infection further increase the chance of having protein 
energy malnutrition. 
4. Physical assessment 
Physical examination was performed at recruitment and at 18 months to identify any 
unnoticed medical problem. 
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5. Biochemical assessment 
Blood tests to measure iron and vitamin D status were performed at 18 months to detect 
the two commonly seen childhood nutritional problems i.e. iron deficiency anaemia and 
rickets. 
3.3.3 The Recruitment 
The infants were recruited from Lek Yuen Clinic, one of the 47 Maternal & Child 
Health (MCH) clinics in Hong Kong. This clinic is in a low cost housing estate in 
Shatin and is easily accessible by public transport. Shatin is a new town in the New 
Territories of the Kowloon Peninsula. In 1984, it had a population of 250,000. At the 
time of recruitment, 60 percent of its population was living in the public housing sector 
which includes low cost housing estates and home ownership housing schemes. 
In Hong Kong, the socio-economic classification of families is usually based on the type 
of accommodation but not the occupation. In 1984, families with incomes of HK 
$2500 (US$ 320) or below a month were eligible for low cost housing estates and 
families with an income of up to HK $7500 (US$ 960) were eligible for home 
ownership housing schemes. 
Accommodation was classified according to the Hong Kong government census 
categorization (Census and Statistical Department 1981): low cost housing, village 




Lek Yuen MCH provides primary health care services, such as immunization, growth 
surveillance, developmental screening, and dietary advice to children in the Shatin area. 
Most mothers bring their newborn infants to the MCH for routine checkup after 
delivery and for regular immunization programmes. Consequently, Lek Yuen MCH 
was selected as the site for this study because of its convenient location. 
Children were recruited into the study between June and December 1984. One hundred 
and seventy-five infants were to be recruited. The number was within the capacity of 
the available resources of a full time nurse and a half time dietitian. Following the first 
routine check up after delivery, newborn infants were referred by the MCH staff to the 
research team. Infants were selected if they fulfilled all of the selection criteria (refer 
to section 3.3.2). 
Besides these selection criteria, a systematic sampling method was used. One out of 
three consecutive infants interviewed who came from the public housing sector was 
recruited. In addition, one out of every two consecutive infants was recruited from the 
private housing sector in order to ensure that there would be a representative from the 
public as well as from the private housing sectors. The rest of the samples was 
randomly selected from various settings. 
The aims and procedure of the study were explained to the parents (mostly mothers) 
and child caretakers. Informed consent for conducting all procedures was obtained 
from every parent. Throughout this thesis the term ‘parents，describe the main 
caretaker of the child which includes natural parents and child caretakers. 
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3.3.4 Study Plan 
The study plan of the project is presented in Table 3.1. 
3.3.5 The First and Subsequent Visits 
At the first visit, details regarding the parents' age, reported height, weight, education 
level, occupation and place of origin were obtained. Family income, type and size of 
accommodation, birth data of the child; and proposed child care arrangements were also 
recorded. 
At each visit, parents were interviewed by the niirse who recorded details of any illness 
the child might have had and infant care practices. The nurse was also responsible for 
all the anthropometric measurements of the babies. Information about infant feeding 
practices was obtained by the author (see section 3.3.7). During the period of study, 
all members of the research team provided no dietary advice to the parents so as to 
avoid the introduction of bias into the study. If there were questions from parents 
about diet they were referred to the MCH staff. 
The children were followed up at bimonthly intervals in the first year and at tri-monthly 
intervals in the second year. The appointments were arranged to coincide with the 
child's date of birth. When it was difficult for the parents to keep the appointment a 
leeway of 土 7 days was allowed. The parents understood the importance of keeping 
their appointments and occasionally if they found it difficult to come to the clinic, home 




3.3.6 Measurement of Dependent Variables - Anthropometric Measurement 
Methods of Anthropometric Measurement 
The following anthropometric measurements were taken by the nurse with the assistance 
of the author or parent: nude weight, supine length, lower segment, head 
circumference, mid-arm circumference, triceps and subscapular skinfolds thicknesses. 
Weight and length were the only two anthropometric measurements used for growth 
analysis in this thesis. 
It is not a common practice in Hong Kong hospitals to obtain any anthropometric 
measurements of newborn infants except birth weight. Birth weight from the hospital 
record was reported by the parents (mainly mothers). Length, measurements of head 
circumference, mid-arm circumference, triceps and subscapular skinfold thicknesses 
were obtained at the first visit. 
Weight 
Nude weight was measured in kilograms (kg) to three decimal places using a Seca beam 
balance with a precision of +5gm. Zeroing of the beam balance was done at each 
measurement. During the winter months the child was weighed with a dry towel 
wrapped round. The weight of the dry towel was subtracted to get the infant's nude 
weight. At the time of weighing, the child was entertained by the author or the parent 
to keep him/her as still as possible for more precise and speedy measurements. 
Occasionally if the child refused to lie or sit still on the beam balance or would not be 
parted from his/her parent, the combined weight of the adult and child was obtained 
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using an adult beam balance (with a precision of 土 0.1 kg). Then the adult's weight 
was subtracted to obtain the child's nude weight. Repeat measurements were obtained 
and a mean of the two readings was recorded. 
Length 
Supine length for infant below one year of age was measured by Harpenden 
Neonatometer. The Harpenden Infantometer was used for children above one year of 
age. The precision of the Harpenden neonatometer and infantometer was 土 1 mm. 
A calibration was performed before each measurement. Supine length was obtained by 
placing the child in the Neonatometer or Infantometer frame with one research worker 
(the author) holding the baby's head firmly against the head piece so that the lower 
orbital margins would lie in the same vertical plane as the external auditory meati. 
Simultaneously, the baby's shoulders were firmly fixed to the measuring table. The 
other research worker (the nurse) extended the infant's legs fully and held the right foot 
at a right angle to the table with her left hand. At the same time, she moved the 
carriage with her right hand until the footplate touched the infant's heel. The 
crown-heel length in millimetres (mm) was read from the counter (Davies & Holding 
1972). The same procedure was repeated and a mean of the two readings was 
recorded. 
Reliability of Measurements 
Before the recruitment process and after the research nurse was trained, reliability tests 
were performed to measure intra observer error. The tests were performed in the 
Paediatric ward of the Prince of Wales Hospital, Shatin. Nude weight and supine 
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length of eight subjects were measured by the research nurse and recorded by the author 
to avoid being influenced by the first measurement. Each subject was measured one 
hour later in the same method. Results of the reliability measurements are shown in 
Appendix n. The intra class correlation coefficient (Fleiss 1986) suggests good intra 
observer reliability (Weight R^ = 1, Length R^ = 0.997) 
Standardization Method 
"External" Reference 
All attained weights and lengths of the individual child were standardized as NCHS 
standard deviation scores (Z scores) using the US Centers for Disease Control (CDC) 
Anthropometric software package. As recommended by the United Nation 
Administrative Committee on Coordination/ Subcommittee on Nutrition (Beaton et al 
1990) and World Health Organization (WHO 1986), the anthropometric measurements 
I I • 
made in a study population should be presented as standard deviation scores (Z scores) 
of the NCHS reference for comparison. Since minimal constraints were observed in 
early growth and development of the NCHS reference population, and secular trends 
in attained size are no longer observed in the U.S. population (Dibley et al 1987a, 
1987b), this is recommended as an international reference standard. 
NCHS Z scores were used as ‘external，reference to describe the growth patterns of 
Chinese children in Hong Kong. The advantage of using NCHS reference is that as an 
international standard, it facilitates comparison with data from other countries. It was 
used in this thesis to identify the so-called growth faltering in this sample. It also 
1 




intake and growth. 
"Internal" Reference 
The NCHS reference tables are based on anthropometric measurements in various US 
population surveys without dietary intake information. NCHS is derived from the US 
population between 1920 and 1980，s. It may be an inappropriate reference for the 
present-day children when the dietary intakes are different (Butte et al 1984, Dewey et 
al 1989, Prentice et al 1988, Whitehead & Paul 1985, 1987，1988, 1989，Whitehead 
et al 1986，1989a, 1989b). 
The Shatin sample was used to produce "internal" Z scores in order to standardize the 
growth parameters. Attained "internal" Z scores were used as outcome variables in the 
identification of factors associated with growth instead of external (NCHS) Z scores. 
j 
The two sets of Z scores (internal and external) were normally distributed and gave I � 
good correlation with each other (Fig. 3.1, 3.2). Theoretically, analysis using either 
I 
I of the two sets of scores the outcomes would give the same results in terms of the 
i 
I research questions set in this thesis. It should be noted that NCHS length-for-age i • 
I 
i _ • 
scores at 24 months contain artifactual errors due to the measurement differences i.e. 
changing between supine length to standing height at this age since our measurements 
were supine at all ages. 
The Definition of Dependent Variables 
Three distinctly different periods of distinct growth patterns were identified from the 
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mean NCHS Z scores of weight and length of the sample (Fig. 3.3, 3.4). A detailed 
discussion will be reported in a later section (section 3.3.3). From birth to two 
months, there was a progressive positive deviation of weight growth from the median 
of NCHS reference population. From two to 12 months, there was a progressive 
negative deviation of weight growth when compared with NCHS reference population, 
whereas from 12 to 24 months, the Z scores were parallel to the NCHS reference Z 
scores. Since these three periods showed qualitatively different patterns of growth 
deviation, intake and growth analysis were performed separately. 
Weight-for-length is an internationally recommended indicator of nutritional status for 
children under two years of age (Beaton et al 1990，WHO 1983). However, 66 
children at day 7 had a length below 49 cm so weight-for-length could not be calculated 
by the NCHS reference standard at this age thus making the analysis incomplete. When j . 
j an "internal" reference, the Shatin sample, was used to calculate weight-for-length, 
� 
certain age groups only had 1-5 children after stratification by sex and age which made 
it impossible to calculate meaningful internal weight-for-length SD scores. It is for 
these reasons that only attained weight and length were used in the data analysis in this 
thesis. 
To avoid circular argument of size confounding regarding the use of anthropometric 
measurements to assess the adequacy of energy intake, the "internal tracking" of an 
individual child's growth within the age period was used for data analysis. The 
calculation of the change of the relative position of Z scores ("internal tracking") within 
the period is the Z score of age B minus the Z score of age A. This "internal tracking" 
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variable may use to determine energy intake. 
Thus further derived dependent variables used within the three described periods besides 
attained weight and length Z scores, were the change of relative positions of Z scores 
("internal tracking") of weight and length. To detect any non-linear effects in the lower 
percentiles, binary variables were also constructed as dependent variables for logistic 
regression to compare the "sub-optimal" growth (i.e. those with growth parameters 
below the 25th percentile of the Shatin sample) with the rest of the sample (i.e. those 
with growth parameters above the 25th percentile of the Shatin sample). 
3,3.7 Measurement of Independent Variables from Nutrient Intakes 
Dietary Intake 
In this study the assessment of dietary intake either by metabolic studies or by the 7-day 
I weighed food records method, was not feasible for they are both extremely costly and 
I 
demand a high level of commitment by the parents. The method employed was the 
dietary history method and cross-checked by a 24-hour recall of a ‘typical，day and a 
food frequency list over a week (Appendix m) as suggested by various investigators 
(Burke 1947，Beal 1967，Morgan et al 1978). This method attempted to reconstruct a 
‘typical，food pattern by the child's usual menu from morning to bedtime. Alternate 
menus and weekend patterns were recorded. This is followed by a 24-hour recall of 
a ‘typical，day and a food frequency list to verify and clarify information given about 
the usual daily food intake. It also captured any information missed during the use of 
the dietary history method. All dietary histories were obtained by the author to 
eliminate inter-observer error. 
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Before weaning, each interview lasted about 30 minutes. When non-milk foods were 
introduced, each interview lasted 45 to 90 minutes. One objective of the nutrition 
research team was to avoid lengthy interviews so as to obtain better cooperation from 
the parent. In order to reduce loss of attention resulting from the child becoming bored 
or irritated, toys and games were provided for the children to play with. 
Breast-feeding is uncommon in Hong Kong. For those few babies who were breast fed 
it was difficult to obtain the precise intake of breast milk. Nutrient intake data for 
breast-fed infants could not be calculated. For formula-fed infant feeding frequency, 
strength of reconstitution, and volume consumed were recorded. A poster with pictures 
of all available formulae was displayed to the parents to facilitate recall (Appendix IV). 
The amount of non-milk food given was recorded in detail. Graduated bowls, cups and 
j spoons which were commonly used in Hong Kong were displayed in front of the i 
parents, to help them identify the exact amount of food taken by their children. The 
weaning food for Chinese children is congee, a rice gruel with the consistency of 
I 
porridge. For more accurate information about the consistency of congee, a pail of raw 
rice was displayed and the parents were asked to show the amount of rice they used for 
cooking the congee. The amount and type of raw or cooked meat and vegetables were 
measured and recorded using the bowls and spoons displayed to estimate the amount. 
The weight of these food items was then measured and the quantity of food consumed 
by the child was recorded. � 
Vitamin and mineral supplements were given to the infants by most parents at an early 
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age. An information booklet with the most commonly used baby vitamin and mineral 
supplements was compiled to enable parents to easily identify the brand of supplements 
given to the babies. Parents were asked to bring the box or bottle of supplement on 
the next follow-up visit if they could not find their infant's vitamin or mineral 
supplement in the information booklet. Vitamin and mineral supplements were not 
included in the calculation of nutrient intakes. 
The nutrient intake of formula fed infants was calculated based upon the information 
provided by various manufacturers of these products. Milk consumption of all formula-
fed infants was converted to full strength for calculation, and the amount of non-milk 
food was calculated according to the quantities reported. The reliability of the 
1 
information on the quantity of rice, meat and vegetables used in cooking congee was 
checked. Food composition tables from the United States (Pennington & Church 1980， 
Adams 1975) were used to calculate the nutrient intake. Food tables for South East 
Asia (US Department of Health, Education & Welfare 1972), Beijing (Health Research 
Centre of Chinese Medical Institute 1977) and Taiwan (Tung et al, 1961，Huang et al 
1978) were used as additional sources of information. A food composition table was 
.. . • - 墨- -• compiled from these sources for this study. 
Frequency of consumption was considered. Food consumed over five times per week 
was considered as daily intake; food consumed three times per week or more was 
calculated as half daily intake; and food consumed less than three times per week was 
excluded from calculation. The intake of energy, protein, fat, carbohydrate, Vitamin 
A, thiamine, riboflavin, niacin, vitamin C, calcium, vitamin D and iron were calculated 
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using the compiled food composition table. The list of calculated nutrients consisted 
of 12 items. In this thesis, however, the emphasis is on the energy intake. 
Reliability Check 
The reliability of the information concerning the amount of rice, meat and vegetables 
used for congee was checked in the research laboratory using the amounts most 
f r e q u e n t l y r epor t ed at each age group. Moreover, congee cooked according to reported 
ingredients was displayed in front of the parents to confirm the consistency of the 
congee given to the child. In case of doubt or when unusual amounts were reported, 
the quantity of ingredients used were verified by home visits. 
Tndependent Variables - Fnerpv and Nutrients 
The total cumulative energy intakes (EI) from birth was used as the key independent 
variable for the data analysis. The total cumulative intake was calculated by 
approximating the total energy intake from birth to the end of that period using "the 
area under the polygon of energy intake" plotted against "age. “ If data was missing at 
the beginning and end of' the period, no cumulative data could be obtained. 
Extrapolation was not done since individual variation of the food intake might be great. 
If an extrapolation method is used, the possibility of overestimation or underestimation 
of the true nutrient intakes would be higher. Energy intake per kg body weight was 
included in this thesis as reference only but not for data analysis because weight was 
present both as the dependent and independent variables. This may result in a 
mathematical artifact in multivariate analysis. 
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Total cumulative protein, fat, carbohydrate, calcium and iron intakes were also used 
as independent variables. Calculation of cumulative figures was similar to the case of 
the energy intake. The percentages of energy or protein from milk and early 
introduction of solids (solids given before four months) were used as independent 
variables on feeding practice. 
3.3.8 Other Independent Variables Considered Related to Growth Variation 
Tllnesses and Infant Care Practice Data 
A record book was given to each parent in which the process of weight and height 
progress of the infant at each visit was recorded. The book has a section for parents 
to record any illnesses. The diagnosis and duration of the illness, medication given and 
whether the child was hospitalized were also to be recorded. It was hoped that this 
would help the parents to recall these episodes during the clinic visit. Any changes in 
^ appetite were also recorded. Hong Kong parents usually bring their children to a 
general practitioner or to the Accident and Emergency Department of a nearby hospital 
even for minor sickness, such as coughs, colds and fever. The Prince of Wales 
Hospital is located in Shatin and serves the Eastern New Territories area. For illnesses 
requiring hospitalization, hospital records were checked. Daily outdoor and indoor 
activities including the pattern and hours of sleeping were noted. Any changes within 
the family were also noted. 
All sicknesses were classified into the following eight categories: 
1. Hospitalized infectious disease with poor appetite 
2. Hospitalized non infectious disease with poor appetite 
3. Hospitalized infectious disease with normal appetite 
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4 Hospitalized non infectious disease with normal appetite 
5. Non-hospitalized infectious disease with poor appetite 
6. Non-hospitalized non infectious disease with poor appetite 
7. Non-hospitalized infectious disease with normal appetite 
8. Non-hospitalized non infectious disease with normal appetite 
Classification of infectious disease is shown in Appendix V. Early sickness may 
influence the growth outcomes, as a result all sicknesses used in the statistical analysis 
were cumulative from birth to the end of the period. 
The cumulative number of days that a child was sick within the 3 periods was classified 
into two categories for statistical analysis: (a) children who had no sickness or any 
minor sickness for less than one day as reported by the care takers and (b) children who 
I 
i had been sick for more than one day. 
1 •1 
j Socio-demopraphic Variables 
I 
Socio-demographic data on theaccommodation, living areas, family income, care-takers 
and parental education and occupation were included data analysis. Parental education 
was classified into three categories: primary or below, secondary and beyond 
secondary. 
Parental Characteristics Variables 
Parental age, height and weight were used in the data analysis. 
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Birth Data Variables 
Birth weight, gestational age and birth order were also included into the data analysis. 
For multivariate analysis, birth order was classified into three groups: first, second and 
third or above. 
3.3.9 Physical and Biochemical Examination 
All babies were examined by the paediatrician at the time of recruitment and again at 
18 months. 
At 18 months, a blood sample was taken with the physical examination to measure iron 
and Vitamin D status. Parental consent was obtained before the test. 
I • ‘ 
3.3.10 Data Analysis 
All data were entered into a computer database and were cross-checked. Frequencies 
and descriptive statistics were examined and followed by univariate and multivariate 
analysis of the relationships between energy intake, socio-demographic data, parental 
characteristics, birth data, other nutrient intakes, sickness and growth variation (attained -- - - - --
Z scores and change of relative position of Z scores of the "internal" reference). The 
analyses were conducted for the three different periods as described earlier: positive 
growth deviation from NCHS reference (0-2 months); negative growth deviation from 
NCHS reference (2-12 months); and comparable growth of NCHS reference (12-24 
months). 
Fourteen children who were breast-fed for over two months were excluded from 
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regression analyses. There were several reasons for this. First, the key independent 
variable, the total cumulative energy intake, could not be estimated by the present 
method for the breast-fed infants. Secondly, it has been observed that the energy intake 
and growth rate of breast-fed infants were different from the bottle-fed infants (Butte 
et al 1984, 1990). For those 46 infants who were initially breast-fed at birth 30 were 
left at day 7 and only 14 remained breast-fed at two months. Therefore, two months 
was used as the cutoff point for exclusion of breast-fed infants. 
Statistical Package for the Social Sciences (SPSSPC) Versions 3.0 and 4.0 were used 
for statistical analysis. 
3.3-11 Summary of the approach: 
1. Periods for data analysis of growth "tracking" were defined using growth 
I deviations from the NCHS median. 
I I 2. The descriptive statistics (mean and SD etc.) of all variables were examined. 
i 
3. The lower Z scores quartile groups ("sub-optimal") were identified. The 
subgroup with potential "sub-optimal" growth was defined as those children 
with growth below the 25th percentile of ‘internal’ Z scores. 
4. The factors influencing growth were identified. Univariate analysis was 
performed to identify independent variables that were significantly associated 
with the dependent variables. Multivariate analysis were then applied to such 
significant variables (multiple regression and logistic regression). Since sex is 
an important factor for the variation of growth and the dietary intake, it was 
added compulsorily to all multivariate analyses. In the stepwise procedure, 
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some independent variables were given higher and equal priorities for selection 
(energy intake, socio-demographic data, parental characteristics, birth data and 
sickness) over other nutrient variables (protein, fat, carbohydrate, calcium and 
iron). This was because the latter ones had high associations with the key 
independent variable (energy intake). 
5. As multiple tests were performed, the chances of Type I errors may be 
increased. Therefore, Bonferroni's adjustment was carried out to highlight those 
variables which were highly significant and which were very unlikely to be due 
to chance. Since 6 regression models were fitted, a variable was considered 
significant if the value was less than that 0.004 [0.05 / (6 x 2), two-sided]. 
This, in fact, is a very stringent criterion and as stated, should be used only to 
highlight the highly significant variables. The effects of the variables that are 




3.4 DESCRIPTIVE RESULTS 
174 infants (94 boys and 80 girls) were recruited from over 600 new bom infants seen 
at the Lek Yuen MCH clinic during the seven month recruitment periods. 
3.4.1 Demographic Data 
Parental Background 
All infants in the sample came from two-parent families except one whose mother was 
unmarried. In this case, the infant was living with the mother and the grandparents at 
the time of recruitment. 
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The mean paternal age was 31.5 years (SD 4.2，range 19-43) and the mean maternal 
age was 27.8 years (SD 4.1, range 17-37) (Fig. 3.5). The mean paternal weight and 
height reported by the mothers was 60.8 kg (SD 7.5, range 45.5 -86.4) and 1.70 m 
(SD 0.06 range 1.52-1.85). Forty-one fathers went to the clinic to verify their reported 
heights. Their true measured mean height was 1.65m (SD 0.45). This did not differ 
significantly from the mean reported height of 1.66 (SD 0.38). Furthermore, the Hong 
Kong identity cards issued by the government used to have the height recorded and 
therefore, it was assumed that the reported height of all fathers was reliable. The mean 
measured maternal height was 1.57m (SD 0.5, range 1.42 - 1.68), and the mean 
measured maternal weight was 50.0 kg (SD 6.6, range 31.8 - 81.8) at the time when 
their infants were six months old (Fig. 3.6, 3.7) • 
The majority (99%) of the parents had received education up to the primary level (Fig. 
I I . 
3,8). 73% of the fathers and 63% of the mothers had received some secondary school 
education, of which 23% of the fathers and 33% of the mothers finished primary 
school, and 28% of the fathers and 22% of the mothers completed secondary school. 
. . . -- --
Occupational classification based upon the Hong Kong Census of 1981 (Census and 
Statistical Department 1981) is shown in Table 3.2. All fathers were fully employed 
during the study period with the majority of them belonging to the blue collar working 
class. 68% of the mothers were working until the infants were bom. However, by the 
time the infants were six months old, only 36% of the mothers remained in employment 
(Table 3.2). 
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All parents were of Chinese origin. 93% of the fathers and 94% of the mothers 
originated from the Guangdong Province (a southern part of China). The remainder 
originated from other regions of China except one mother who came from Malaysia 
(Table 3.3). 
All parents were healthy. No mothers had consumed any alcohol or cigarette during 
pregnancy. Most mothers (72%) reported that they consumed more milk and more 
nutritious food at the time of their pregnancy. 
Family Income 
The median family income per month at the time of recruitment was HK $4000 (SD 
$4540，range $2000 - 40000). The majority of the families (61%) had an income 
between HK $2000 - 4000. (1 US$ = 7.8 HK$). Fig. 3.9 shows the distribution of 
income of the study families. 
I 
Accommodation and Living Areas 
55 % of the families were living in public housing (41 % in low cost housing estates and 
14% in home ownership housing schemes). 42% were living in private housing, 
village houses and quarters. 3% were living in temporary housing (Fig. 3.10). 
The mean living area occupied by each family was 38.3 sq. metre (SD 22.9, range 
5.6-195.1) or 412 sq. ft (SD 246, range 60-2100) (Fig. 3.11). Due to limited space 
in Hong Kong, typical living areas are small. However, all families had clean running 
water and flush toilets. Moreover, all families had television, refrigerator and 
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telephone facilities. All public housing had playgrounds and some even had swimming 
pools within the estate. 
3.4.2 General Characteristics of the Children Studied 
Sex and Birth Weight 
The mean birth weight was 3.2 kg (SD 0.38, range 2.3 - 3.4 kg), whereas boys' mean 
birth weight was 3.3 kg (SD 0.38, range 2.3 - 4.3 kg) and girls，mean birth weight was 
3.1 kg (SD 0.38, range 2.3 - 4.1 kg). 
. . . - • - - _ • • • - • 
Birth Order 
81% of the infants were either first (39%) or second bom (42%) (Fig. 3.12). 
j 
! Child Care Arrangements 
i -i 
Most of the children were looked after by their mothers or grandparents. About 
two-thirds of the children were looked after by their biological mothers for the first 24 
i 
months. The rest was looked after by their grandparents, other relatives, caretakers or 
I 
i 
maids (Table 3.4). Less than 7% of the children were looked after by maids or 
caretakers throughout the first two years of their lives. 
Child Care Practices 
Most of the infants were taken out daily by their mothers, for it is the common practice 
for mothers to go to the market everyday to buy fresh food for the family. However, 
the frequency with which a mother goes out was ultimately dependent upon her daily 
activities. It is reasonable to say that most children went out at least once a day. 
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Most housing estates had playgrounds for children. Usually the mothers would bring 
their children to the playground on the way to or from the market or school when they 
were over one year. Weekends are family occasions. Most children were taken by 
their parents to visit their grandparents, the restaurants, playgrounds and/or parks. 
The daily activities of the children became routine with very little change occurring 
after the first couple of months of life. Sleeping contributed to a major part of the 
-
infants, daily activity and the sleeping patterns of the study children are shown in Table 
3.5. The infants slept most of the time (62% per day) at 2 months and this gradually 
decreased to 50% per day at two years of age. 
Nutritional Status 
] Biochemical examination of iron and Vitamin D status reported elsewhere by Leung et i • 
1 
i al (1987a, 1988a, 1989) showed no significant deficiencies of iron and vitamin D status 
in this cohort. 
Morbidity and Mortality 
The most common illness of the study children which did not require hospitalization 
was gastroenteritis (Table 3.6). 66 episodes of gastroenteritis in 44 boys and 47 
episodes in 31 girls were recorded within their first two years of life. Table 3.7 shows 
the episodes of illnesses that required hospitalization from birth to two years. One 
infant died of acute appendicitis at the age of ten months. 
Although gastroenteritis was a common illness in the study children, especially during 
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early infancy, only 12 of them required hospital admission. The mean duration of the 
cases of gastroenteritis that required hospitalization was 6 days (range 2-18 days). Out 
of these 12, two were admitted with other complications and they stayed in hospital for 
10 and 18 days. As a whole, there was no chronic illness which appeared to influence 
the growth and nutritional status of these young children. 
3.4.3 Growth 
Weight and Length 
The mean (sd) weight at Day 7 was 3.2 kg (0.398) and the supine length at Day 7 was 
49.6 cm (1.82). The mean weight at Day 7 was the same as at birth. Since most 
infants do lose weight after birth and gradually regain weight within a week, this 
observation is not surprising. 
Table 3.8 compares the mean birth weight of full term Chinese infants bom in four 
» 
different settings - Hong Kong, Southern Mainland China (Ten Provinces Children's 
Growth Survey Committee 1987)，Taiwan (Lu et al 1980) and the United States (Yip 
et al 1989). In addition, the US bom white infants, after controlling for socio-
demographic background, were also included (Yip et al 1989). The birth weights of 
Chinese boys bom in Hong Kong, Southern Mainland China and Taiwan were 
comparable (within the 99% confidence limits), but were lower than the Chinese infants 
bom in the US and Caucasian infants. The 99% confidence intervals for the mean birth 
weights of both boys and girls in the Shatin study do not include the mean birth weight 
of US bom Chinese. Thus, the Chinese infants bom in the US were lighter than white 





birth weight of the girls in this study was significantly lower than those Chinese girls 
from Taiwan, the US and the Caucasian girls. 
The mean (sd) body weight and mean supine length of all children according to age are 
shown in Table 3.9. Tables 3.10 and 3.11 show the body weight and supine length 
according to sex and age. Boys were significantly heavier than girls from 2 months to 
two years and were taller than girls from birth to 15 months (t-test, p < 0.05). 
When the mean weights and lengths from this study were compared to previous studies 
from Hong Kong (Chang et al 1967, Family Hedth Service and Statistical Unit, 1980, 
1985), secular changes in weight and length were observed between 1967 and 1978 
(Table 3.12). Data collected by Chang et al (1967) were obtained by a large scale 
survey in Hong Kong, and data collected by the Family Health Services were obtained 
from children below five years of age attending MCH in 1978 and 1985 (Family Health 
Service and Statistical Unit 1980, 1985). Children in 1978 were significantly heavier 
and taller than those in the 1967 Chang studies. However, no consistent differences 
were observed between the two Family Health Service surveys between 1978, 1985 and 
the present study. 
Standard Deviation Scores (NCHS Z scores) 
Plotting the mean NCHS weight Z scores of the Shatin boys and girls against age shows 
three distinct periods of growth deviations from the NCHS median. From Day 7 to 2 
months, the mean weight Z scores shifted upward from -0.6 to 0.4. Thus, this period 
is categorized as positive deviation of growth from the NCHS median. From 2 to 12 
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months, the mean weight Z scores shifted downward from 0.4 to -0.8 and this is 
categorized as negative deviation of growth from the NCHS median. Between 12 and 
24 months, the Shatin children's weight Z scores were around -0.6. This is categorized 
as growth parallel with the NCHS median. 
The mean length Z score of the Shatin children at day 7 was around -0.7 SD from the 
NCHS median (Fig. 3.4). It gradually shifted upward to -0.2 length Z scores at 2 
months. However, by age 24 months, the length Z score was between 0.2 and 0.4. 
This latter change is an artifact caused by the NCHS measuring technique at 24 months 
which used a mixture of both supine lengths and standing heights. 
Comparison of Growth of the Studied children with Other Children 
Fig. 3.13, 3.14, 3.15, 3.16, 3.17 and 3.18 compare the NCHS weight and length Z 
scores derived from the mean of the Shatin children and with that of Chinese, Asian 
and Caucasian in other countries. Mean values are used to calculate NCHS Z scores 
for the Shatin children in this section because the means and standard deviations were 
reported in the other studies. 
� J 
Studied Children Versus Chinese Children in Other Countries 
The mean weight Z scores of the Shatin children were comparable to the Taiwan 
children (Lu et al 1980) except at two years (Fig, 3.13). However, between 6 to 12 
months, the Shatin children were below the weight Z scores of children in Southern 
Mainland China (Ten Provinces Children's Growth Survey Committee 1987). The 
mean weight Z scores of all three Chinese populations were below the medians of 
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NCHS Z scores after six months of age. 
The Shatin children were taller than children in Taiwan and shorter than those children 
in Southern Mainland China (Fig. 3.14). However, the mean length Z scores of Shatin 
children were below the NCHS reference values before 2 years. The NCHS reference 
values at 24 months were problematic because two measuring techniques were used to 
collect data i.e. supine length and standing height. 
Studied Children Versus Other Asian Children 
The Shatin children were comparable with the Japanese children (Hayashi et al 1981) 




The mean length Z scores of the Shatin children were comparable with the Japanese 
I 
children and lower than the Korean children (Fig. 3.16). 
Studied Children Versus Caucasian Children 
When comparing the mean weight Z scores of the Shatin studied children with 
Caucasians from other longitudinal studies, they were comparable with those in Canada 
and the United Kingdom (Yeung 1983, Paul et al 1988, 1990). However they were 
below the mean weight Z scores of the Australian children (Hitchcock 1986). All 
children except the Australian children had weight Z scores below the NCHS reference 
values after 6 months of age (Fig. 3.17). 
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The mean length Z scores of Shatin children were below those in Australia and Canada 
(Fig. 3.18) but they were comparable to the children in U.K.. 
Summary 
The mean weight Z scores of the Shatin children were comparable with those in Taiwan 
(girls only), Japan, Canada and U.K., and was below those of Southern Mainland 
China, Korea and Australia. As for length Z scores, the Shatin children were 
comparable to those of Southern Mainland China, Japan, Korea (at two years), Canada 
and U.K., but taller than those of Taiwan. The results show that the mean Z scores 
of children from China (Fig. 3.13, 3.14), Asia (Fig. 3.15, 3.16) and Western countries 
(Fig. 3.17, 3.18) were below the NCHS Z scores in both weight and length after 8 
months of age. 
1 i ‘ I f 
Growth Velocities 
I The mean (sd) weight and length velocities are shown in Table 3.13, Fig. 3.19 and 
I 
Fig. 3.20. There was an obvious decrease in growth velocity during early infancy, 
which became stable thereafter. Fig. 3.21 and Fig. 3.22 compare the weight and 
length velocities of the Shatin children with that of Fomon's reference (1982). The 
weight and length velocity curves were comparable with Fomon's references. This 
suggests that although the Shatin children, had lower mean attained weight and length 
than the NCHS reference, nevertheless the weight and length velocities were 
comparable to the reference children before two years of age. 
3.4.4 Dietary Intake 
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Infant Feeding Practices 
All dietary data were taken retrospectively. 
Initially, 52 (30%) of the mothers attempted to breast-feed their newborns in the 
hospital (Fig. 3.23). However, by one week post-partum, only 46 (26%) of the 
mothers continued to breast-feed, of which 39% exclusively breast-fed and 61% 
breast-fed with supplemental feedings. The percentage of breast-feeding dropped 
dramatically from 30% at birth to 26%，8%, 4%, 3%, 1% on 0.25, 2, 4，6 and 12 
months respectively. 
Table 3.14 shows the feeding practices of the Shatin children from birth to two years. 
Most of the infants were bottle-fed with various infant formulae available in Hong 
I 
Kong (Leung et al 1986a, 1988b). 70% of the newborns were bottle-fed at birth. At 
! • 
10 to 12 months, 99% were bottle-fed with various formulae. By 6 months of age, 4% 
i 
of the infants had changed to full protein milk with one infant (1%) receiving whole 
cows' milk. By the age of two, 96% of the babies received full protein milk of which 
50% received full protein formulae and the rest received fresh milk or milk powder. 
Only three babies (2%) were completely weaned from milk by the age of two. 
Reasons given by mothers for not breast-feeding are listed in Table 3.15 (Lui 1987). 
The three main reasons for not breast-feeding were: inconvenience; the mother 
anticipated to return to work and the mother's personal health. Together these 




When solids were introduced, the number of daily feeds in bottle-fed babies decreased. 
Most infants (88%) were fed 7 to 8 times per day in the first week after birth and at 
2 months this has decreased to 5 to 6 times. At the age of two, 72% of the bottle-fed 
babies were given milk 2 to 3 times a day (Table 3.16). No significant difference was 
found between the sexes at each age (p > 0.05) by t-test. 
The mean (sd) total volume of milk consumed by bottle-fed babies is shown in Table 
3,17. The mean volume of milk consumed at day 7 was 581 ml (143) per day and this 
rapidly increased to 846 ml (164) per day at 2 months. The volume of milk 
consumption peaked at 4 months (849 ml, SD 1.82) and gradually decreased to 528 ml 
(244) at 24 months. From the age of two months to 8 months, boys had significantly 
higher milk consumption than girls (t-test, p < 0.05). The relationship was different 
when volume was expressed in per kg body weight (Fig. 3,24). However, there were 
！ ‘ 
s 




Table 3.18 shows the comparison of daily milk intake in the present with that in the 
other two local studies by Li and co-workers (1982，1985a). The mean daily 
consumption of milk was higher in the present study than the two previously reported 
studies (t-test, p < 0.01). Percentage of infants receiving no milk or less than 240 
ml/day was significantly lower in the present study. The infant feeding practices had 
changed from early discontinuation of milk in 1960’s (Field and Baber 1973) to milk 
remaining as an important part of the weaning diet. 
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Non-milk Food 
Non-milk liquid was introduced to 34% of the infants before the age of 2 months. This 
consisted of glucose water, barley water, rice water, strained orange juice and Chinese 
herbal drinks to combat constipation or diarrhoea. Most of the infants received 
commercial infant cereals at around 4 months usually for a short period until rice 
congee (rice gruel) was introduced into the infants' diet. However, the amount of cereal 
given was small and milk continued to be their main diet. At around six months of 
age, over half of the study infants received some kind of solid food (mostly rice congee 
with minced pork or beef or mashed de-boned fish). The introduction of solid food 
was associated with a reduction in the number of feeds from 5-6 times to 4-5 times per 
day. Fruit juices or pureed fruits were given to most of the infants around 6 to 8 
months (Table 3.19). All Shatin infants received some kind of solid food by 8 months 
I of age. By 15 months the texture of rice congee had gradually thickened to that of soft 
i -I I rice. At around 2 years of age most children were fed on rice (similar to that eaten by 
I j 
adults) with fish or soft, chopped meat together with chopped, cooked vegetables. At 
two years, 72% of the infants continued to consume milk 2-3 times a day. 
Energy Intake 
The mean (sd, range) of total energy intake of the study babies are shown in Table 
3.20. The mean energy intake at day 7 was 385 kcal (95, range 169 - 649) which 
rapidly increased by 1.5 folds (564 kcal, SD 111 kcal, range 302 - 905) within two 
months. The energy intake at two and four months was almost the same. From six 
months, the total energy intake increased gradually from 644 kcal (SD 158, range 
322-1302) to 1039 kcal (SD 302, range 512 - 2227) at two years of age. Boys 
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consistently had a higher energy intake than girls in early childhood, and this situation 
was reversed after 15 months of age. Statistically, significant differences in energy 
intake between sexes were observed from two to six months (t-test, p < 0.05). 
The mean (sd) of energy intake per kg body weight is shown in Table 3.21. The 
energy intake at Day 7 was 122 (28) kcal/kg body weight and this gradually decreased 
to 109 (20) kcal/kg body weight at two months. At 4 months, it had decreased to 88 
(17) kcal/kg body weight despite the fact that the Shatin children generally did not 
I consume all of the milk and non-milk food available to them. From 8 months of age, 
i' • • 
the energy intake started to increase again and at 15 months it reached a peak (102 
kcal/kg body wt.). At two years, the mean energy intake per kg body weight was 91 
kcal/day. Girls seemed to consume higher energy than boys when corrected for weight 
throughout the first two years of childhood except at 6 months. These differences were 
not statistically significant at different age groups. Fig. 3.25 shows the percentile chart 
of daily energy intake per kg body weight. 
Studied Children Versus WHO recommendation and the observed intakes of other 
studies 
A comparison of the energy intake of studied children with that of the 
FAO/WHO/UNU 1985 recommendation is shown in Table 3.22. The average 
observed intakes from studies in Canada, Sweden, UK and USA (Whitehead et al 
1981), on which the WHO (1985) energy recommendation is based, are given for 
comparison. When compared with FAO/WHO/UNU (1985), the energy intake of the 
Shatin children was constantly lower by 2 - 17%. The discrepancy is greatest at 4 to 
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6 months (17% and 12% respectively) and at 21 to 24 months (19% and 13% 
respectively). However, the mean energy intake was comparable to the average 
observed intake reported by Whitehead (Fig. 3.26). 
Fig. 3.27 compares the energy intake per kg body weight of the Shatin children with 
data from the two longitudinal studies - Australia and Canada (Yeung 1983, Hitchcock 
I 
I et al 1986). The Shatin children had a low energy intake between 3, 6 and 9 months 
of age, and at 15 months the energy intake was above that of the Australian and 
Canadian children. 
Energy Intake of，DroD-outs，Versus，Non Drop-outs， 
At the age of two, a number of children (16%) failed to attend their follow-up visits 
t 
I 
due to relocation. Statistical test on ‘drop-outs，and ‘non drop-outs，suggesting that the i ‘ 
i S 
energy intake of the 2 groups were not statistically different (Mann-Whitney, p > 0.05) 
(Table 3.23). 
i [ i 
Protein. Fat and Carbohydrate 
The percentage of energy intakes contributed by protein, fat and carbohydrate of bottle-
fed children is shown in Table 3.24. At day 7，the percentage distribution was 10% 
protein, 48% fat, 42% carbohydrate. With the introduction of non-milk food, the 
percentage of energy from protein gradually increased to around 20%. At the same 
time the percentage of energy from fat decreased to 30%. At two years of age, the 
percentage of energy distribution was 19% protein, 30% fat and 51% carbohydrate. 
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The protein intake of Shatin children is compared to the FAO/WHO/UNU 1985 
recommendation in Table 3.25. The protein intake per kg body weight was constantly 
above the safe level recommended by the FAO/WHO/UNU 1985. At the age of two, 
the protein intake of the Shatin children was almost 4 times the safe level set by 
FAO/WHO/UNU in 1985. 
Milk and Non-milk 
The percentage of energy intakes from milk and non-milk food of the Shatin children 
is shown in Fig. 3.28. At birth, milk is the sole source of their energy intake. By two 
months of age, 5% (boys 3%, girls 8%) of the total energy intake came from non-milk 
food which included glucose or honey water, and strained orange juice. At around one 
year of age, an average of 53% of the total energy was contributed by the non-milk 
food solid - congee or soft rice. By the age of two, only 35% of the total energy 
intake was contributed by milk alone which was used as supplemental feeding. An 
average of 3 to 4 feeds was given per day and the mean total volume was 528 ml. 
Non-milk food was introduced before two months of age, more commonly to girls (8%) 
than boys (3%). However, from six months onwards the percentage of energy intakes 
from milk was not significantly different between sexes. 
3.5 Result of Statistical Analysis of Variables influencing Growth 
3.5.1 Variables Affecting the Attained Standard Deviation Scores (Z scores) 
Table 3.26 and 3.27 show the results of the univariate and the multiple regression 
analysis of the 3 described periods (0-2 months, 2-12 months, 12-24 months) for the 




No significant correlation was found between attained Z scores for weight, length and 
energy intake at 24 months in the univariate analysis (Table 3.26C, 3.27C). 
A higher total cumulative energy intake was associated with higher attained Z scores 
for weight at 2 months (partial r=0.310, p=0.001) after adjusting for birth weight and 
the father's height (Table 3.26A) and at 12 months (partial r=0.263. p=0.006) after 
adjusting for birth weight, gestational age gender and the mother's height (Table 
3.26B) as well as for length at 2 months (partial r=0.192，p=0.038) after adjusting for 
birth weight and gender (Table 3.27A). 
Other Variables 
-j 
Other Nutrient and Dietary Variables 
No correlation was found between the percentage of energy or protein intake from 
milk, early introduction of solids, total cumulative intakes of iron or calcium and the 
attained Z scores for weight and length at all ages in the univariate analysis (Table 
3.26, 3.27). 
Using univariate analysis, other total cumulative nutrient intakes (protein, fat, 
carbohydrate and calcium expressed individually) were significantly correlated with 
attained Z scores for weight at 2, 12 and 24 months (Table 3.26) and for length at 2 
and 12 months (Table 3.27A, 3.27B). However, no association was found between 
these individual total cumulative nutrient intakes and the attained Z scores for weight 






No correlation was found between birth order and the attained Z scores for weight and 
length within the three described periods in the univariate analysis. Gestational age was 
significantly correlated with the attained Z scores for weight at 12 months (Table 
3.26B) and for length at 2 and 12 months (Table 3.27A, 3.27B) in the univariate 
analysis. However, no additional effect was found between gestational age and attained 
Z scores for length after adjusting for birth weight (Table 3.27A, 3.27B). Children 
with lower gestational age were associated with higher attained weight at 12 months 
(partial r=-0.228, p=0.016) after adjusting for birth weight, total cumulative energy 
intake, gender and mother's height (Table 3.26B). 
1 • i j -
Birth weight was highly correlated with attained Z scores for both weight and length 
at all periods in the univariate analysis. Children with higher birth weight were 
I 
positively associated with higher Z scores for weight at 2 months (partial r=0.520, 
p=0.000), 12 months (partial r=0.397, p=0.000) and 24 months (partial r=0.230, 
I 
p=0.019) (Table 3.26) and for length at 2 months (partial r=0.618, p=0.000), 12 
months (partial r=0.324, p=0.001) and 24 months (partial r=0.295, p=0.000) (Table 
3.27) after adjusting for other factors in the multiple regression models. The partial 
r values in the multiple regression models of attained length and weight were highest 
at 2 months (length r=0.618, weight r=0.52) and gradually decreased with age. The 
effect of birth weight was more significant in the younger age in the Shatin sample. 
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Boys were taller than girls at 2 months (partial r= 0.225, p=0.014) after adjusting for 
birth weight and total cumulative energy intake (Table 3.27A), and were heavier than 
girls at 12 months after adjusting for birth weight, gestational age, total cumulative 
energy intake and mother's height (partial r=0.202, p=0.035) (Table 3.26B). 
Socio-demographic Variables 
I No significant associations were found between the type of accommodation, living area, 
family income, the care-taker of the child, parental education, parental occupation and 
the attained Z scores for weight and length of the three described periods in the 
univariate analysis. 
Parental Characteristics 
Using univariate analysis, the father's height was significantly correlated with the i -j 
attained Z scores for weight and length at 2, 12 and 24 months (Table 3.26, 3.27). 
I 
In the multiple regression models, no significant association was found between the 
father's height and attained Z scores for length at 2 months (Table 3.27A) or for 
weight at 12 and 24 months (Table 3.26B 3.26C). Significant association was found 
between taller fathers and taller children at 12 months (partial r=0.233, p=0.013) after 
adjusting for birth weight (Table 3.27B) and at 24 months (partial r= 0.250, p=0.004) 
after adjusting for the mother's height (Table 3.27C). Taller fathers were also 
associated with heavier children at two months (partial r=0.225, p=0.014) after 
adjusting for birth weight and total cumulative energy intake (Table 3.26A). 




2 months (Table 3.26) and for length at 2, 12 and 24 months (Table 3.27) in the 
univariate analysis. In the multiple regression models, no significant association was 
found between fathers，weight and attained Z scores for weight and length after 
adjusting for other factors. 
Mothers' height was significantly correlated with attained Z scores for weight and 
length in all three periods (Table 3.26, 3.27) in the univariate analysis. No significant 
association was found between mothers' height and the attained Z scores for weight at 
2 and 24 months (Table 3.26A, 3.26C) also for attained Z scores for length at 2 and 
24 months (Table 3.27A, 3.27B) after adjusting for other factors in particular birth 
weight in the multiple regression models. However, significant association was found 
in the multiple regression model between taller mothers and taller children at 24 months 
after adjusting for the father's height (partial r=0.295, p=0.001) (Table 3.27C). 
Taller mothers were also associated with heavier children at 12 months after adjusting 
for birth weight, total cumulative energy intake gender and gestational age (partial 
r=0.196, p=0.040) (Table 3.26B). 
Using univariate analysis, mothers' weight was significantly correlated with attained Z 
scores for weight at 24 months (Table 3.26C) and for length at 2 and 24 months 
(Table 3.27A, 3.27C). In the multiple regression models, no significant association 
was found between mothers，weight and attained Z scores for length after adjusting for 
other factors. At 24 months, heavier mothers were associated with heavier children 
after adjusting for birth weight (partial r=0.175, p=0.075) (Table 3.26C). No 




Significant correlations were found between children who had higher cumulative 
numbers of non-hospitalized infectious disease with normal or poor appetite and the 
attained Z scores for weight and length at 12 months (Table 3.26B, 3.27B) in the 
univariate analysis. No such association was found in the multiple regression models 
after adjusting for other factors. 
Recapitulation of the Multiple Regression Models of attained Z scores 
At 2 months after birth 
Higher total cumulative energy intake, birth weight and father's height were 
significantly correlated with higher attained weight; and higher total cumulative energy 
intake, birth weight and gender were significantly correlated with higher attained 
length. After Bonferroni's adjustment, higher birth weight was still significantly 
correlated with the higher attained size (weight and length) and total cumulative energy 
intake was significantly correlated only with higher attained weight. 
Both weight and length models were statistically significant (weight F=31.545, df=3, 
p=0.000, length F=32.109, df=3, p=0.000). Moreover, the predictive effects for 
length (R^=0.440) and weight (R^=0.443) were strong. 
At 12 months after birth 
Higher cumulative energy intake, birth weight, gestational age and the mother's height 
were significantly correlated with higher attained weight and higher birth weight; and 
fathers' height was also significantly correlated with higher attained length. After 
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Bonferroni's adjustment, birth weight was still highly correlated with attained size (both 
weight and length). 
Total variation explained in the models for weight (R^=0.283) and for length 
(R2=0.154) was less than in those for the 0-2 month periods, although both models 
were statistically significant (weight F=9.930, df=5, p=0.000; length F = 11.292, 
df=2, p=0.000). 
At 24 months after birth 
Higher birth weight and mother's weight were significantly correlated with attained 
weight; and parental heights were significantly correlated with attained length. After 
Bonferroni's adjustment, only mothers' height was significantly correlated with attained 
length. Both of the multiple regression models were statistically significant (weight 
F=6.413, df=2, p=0.0024; length F=11.381, df=2, p=0.000). However, total 
variation explained was less than the first 2 periods (weight R^=0.094; length 
r2=0. 135). The finding of the simple linear regression of energy intake and attained 
Z scores (weight and length) indicated significant correlations in early infancy. Since 
70% of the energy intake is used for heat production and maintenance in children 
(FAO/WHO 1973), which is related to body size, another approach was adopted to 
analyse the "internal tracking" of an individual child as discussed in section 3.3.6 in 
order to avoid the confounding effects of size. 
3.5.2 Variables Affecting the Change in Relative Positions of Growth 
Standard Deviation Scores (Z Scores) - "Internal tracking" 
Table 3.28 and 3.29 show the results of the univariate and the multiple regression 
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analysis of the three described periods (month 0-2, month 2-12, month 12-24) for the 
change of relative positions of Z scores ("internal tracking") for weight and length. 
Energy Intake 
In the univariate analysis, no significant correlation was found between the total 
cumulative energy intake and the change of relative positions of Z scores for length (r= 
0.063, p= 0.5; r= -0.037 p= 0.7; r= -0.137，p= 0.2), and for weight (r= 0.077， 
p= 0.4; r= -0.039, p= 0.7; r= -0.125, p= 0.2) in the three described periods (i.e. 
0-2 months, 2-12 months and 12-24 months) respectively. Consequently, the total 
cumulative energy intake was not included in the multiple regression analysis. 
Other variables 
i 
I Other Nutrients and Dietary Variables 
There were no significant associations between the total cumulative nutrient intakes 
(protein, fat, carbohydrate, calcium and iron) and the change of relative positions of 
Z scores for both weight and length of the three described periods in the univariate 
analysis. No correlation was found between the proportion of protein from milk, early 
introduction of solids and the change of relative positions of Z scores for both weight 
and length. However, children who consumed proportionately more energy from milk 






j 丨 . Birth weight was negatively correlated with the change of relative positions of Z scores 
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for both weight and length during all described periods except for length at the 0-2 
month period in the univariate analysis. Children with lower birth weights were 
associated with an upward shift of Z scores for length at the 2-12 month period (partial 
r=-0.278, p=0.(X)l) after adjusting for gestational age (Table 3.29B) and at the 12-24 
month periods (partial r=-0.243, p=0.005) (Table 3.29C). Children with lower birth 
weight were associated with an upward shift of Z scores for weight (Table 3.28A) at 
the 2-12 month period after adjusting for sickness and gender (partial r=-0.432, 
p=0.000) i.e. a lower birth weight by one kg is expected to be associated with an 
upward shift of 0.9 for the weight Z scores (‘internal，reference) during the first two 
months after birth (coefficient = -0.914) after adjusting for gender and sickness. This 
effect persists for the 2-12 month period (partial r=-0.172, p=0.042) (Table 3.28B) 
after adjusting for the percentage of energy from milk and for the 12-24 month period 
(partial=-0.192, p=0.023) (Table 3.28C). 
I . 
Children with a lower gestational age were associated with an upward shift of length 
Z scores during the 2-12 month period after adjusting for birth weight (partial r=-
0.332, p=0.000) (Table 3.29B). In this case, the effect was independent and 
comparable to birth weight. Gestational age was significant in univariate analysis in 
some cases, but had no additional effect after adjusting for birth weight in the multiple 
regression models. 
Significant correlation was found between birth order and the change of relative 
positions of length Z scores in univariate analysis at the 2-12 month period. However, 
it became non significant in the multiple regression analysis after adjusting for birth 
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weight and gestational age (Table 3.29B). 
At 0-2 months, female sex was associated with an upward shift of weight Z scores after 
adjusting for birth weight and any sickness for more than one day (Table 3.28A). 
Socio-demographic Variables 
No significant correlation was found between the accommodation, living area, family 
income, care-taker of the child, parental education, father's occupation and the change 
of relative positions of Z scores for weight and length in the univariate analysis. 
Mothers' occupation was also positively correlated with the change of relative positions 
of weight Z scores at the 2-12 months period in the univariate analysis, but this effect 
became non significant in the multiple regression model after adjusting for birth weight 
and the percentage of energy intake from milk (Table 3.28B). 
Parental Characteristics 
Taller mothers were associated with an upward shift of length Z scores of the children 
during the 0-2 month period (partial r=0.197, p=0.046) (Table 3.29A). However, 
the magnitude of this association was very weak (R2=0.032). On univariate analysis, 
no significant correlations were found between other parental characteristics (parent's 




No significant association was found between the type of sickness and the change of 
relative positions of Z scores for both weight and length in the univariate analysis. 
Children with sickness for more than one day were associated with a downward shift 
of Z scores for weight at 0-2 months (Table 3.28A) after adjusting for birth weight and 
gender. 
Recapitulation of the Multiple Regression Models of the Change of Relative 
Positions of Growth Standard Deviation Scores 
The Q-2 month period 
Higher birth weight, gestational age and children with any sickness for more than one 
day were significantly correlated with a downward shift of Z scores for weight from 
birth to two months. Moreover, higher mothers' height was correlated with an upward 
shift of Z scores for length. After Bonferroni's adjustment, only higher birth weight j . 
at this period was significantly correlated with the downward shift of Z score for 
weight. 
Both models were statistically significant (length F=5.987, df=l, p=0.016; weight 
F=13.652’ df=3, p=0.000). However, while the variation for the change of relative 
positions for weight was not inconsiderable (R-=0.202), the explanatory effect of 
predictors for length was weak (R^=0.032). 
The 2-12 month period 
Higher birth weight and lower percentage of energy from milk were correlated with a 
downward shift of weight Z scores. Whereas higher birth weight and gestational age 
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were also significantly correlated with the downward shift of Z scores for length, this 
effect remained significant even after Bonferroni's adjustment. 
However, the strength of the multiple regression models on the change of relative 
positions ("internal tracking") of weight Z scores was very weak (R^=0.052). The 
multiple r2 for height was stronger (R^=0.186). Both models were statistically 
significant (length F=17.119, df=2, p=0.000; weight F=4.868, df=2, p=0.009). 
The 12-24 month period 
Higher birth weight was significantly correlated with a downward shift of Z scores for 
both weight and length. However, these associations were very weak (length 
R^=0.052; weight R^=0.031), even though both models were statistically significant 
(length F=8.282�df=l, p=0.005; weight F=5.282, df=l, p=0.023). In order to 
detect non-linear effects between those children who might be "sub-optimal," the 
following approach was adopted. 
3.5.3 Variables Associated with Lower Attained Growth Standard Deviation 
Scores (Z scores) 
Table 3.30 and Table 3.31 show the results of the univariate analyses and logistic 
regression analysis in the three described periods between low or "sub-optimal" attained 
Z scores for weight and length (i.e. those with growth parameters below 25th 
percentile of the Shatin sample) and rest of the sample (i.e. those with growth 
parameters above 25th percentile of the Shatin sample). 
i . 
！ • 
! Energy Intake 
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In the univariate analysis, no significant effect on outcome was found for the total 
cumulative energy intake between the low and the rest of the sample except for the 
regression of weight and length at 12 months. Moreover, no significant differences in 
total cumulative energy intake was found between the two groups of the attained Z 
scores for weight after controlling for birth weight and cumulative fat intake at 12 
months (Table 3o30B) and for length after controlling for birth weight, total cumulative 
protein intake and gestational age at 12 months (Table 3.31B). 
Other Variables 
Other Nutrients and Dietary Variables 
The total cumulative protein intake was significantly different between the two groups 
for weight at 12 months (Table 3.30A) and for length at 2 and 12 months (Table 
3,31A, 3,31B) in the univariate analysis. In the logistic regression models, no 
! i • significant difference was found in the total cumulative protein intake between the two 
groups at 2 months for weight after adjusting for birth weight (Table 3.30A). A lower 
total cumulative protein intake was associated with the lower attained Z scores group 
for length, both at 2 months and 12 months after controlling for birth weight in the 
logistic regression models (Table 3.31A, 3.31B). 
There was a significant difference in the total cumulative fat intake between the two 
groups for weight at 12 months (Table 3.30B) and length at 2 and 12 months (Table 
3.31A, 3.31B) in the univariate analysis. No significant difference was found in total 
cumulative fat intake between the two attained Z score groups for length at 2 months 
and at 12 months after adjusting for birth weight in the logistic regression models 
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(Table 3,31A, 3.31B). A lower total cumulative fat intake was associated with lower 
attained Z score group for weight at 12 months after adjusting for birth weight in the 
logistic regression models (Table 3.30B). 
Significant difference was also found in total cumulative carbohydrate intake between 
the two groups in the attained Z scores for length at 2 months in the univariate analysis, 
but this had no additional effect after controlling for birth weight and total cumulative 
protein intake in the logistic regression models (Tables 3.31 A). 
No significant difference was found in other total cumulative nutrient intake (calcium 
and iron) between the two groups of attained Z scores for both weight and length within 
the 3 described periods in the univariate analysis (Table 3.30, 3.31). 
The percentage of energy and protein obtained from milk was significantly different 
between the two groups for length in the univariate analysis at 24 months, but no 
difference was found in percentage of energy from milk between the two groups for 
length at 24 months after adjusting for the percentage of protein from milk and father's 
weight in the logistic regression models (Table 3.31C). 
There were no significant differences in early solid introduction between the two groups 
in the three described periods. 
Birth Data 
I 
No significant difference was found in birth order among the 2 attained Z score groups 
-97 -
, -
for weight and length in the univariate analysis. There was no difference in gestational 
age between the two groups for length at 12 months after adjusting for birth weight and 
total cumulative protein intake, although there was a significant difference in the 
univariate analysis (Table 3.31B). 
Birth weight was significantly different in the two attained Z score groups in weight and 
length at 2 months (Table 3.30A, 3.31A) and 12 months (Table 3.30B, 3.31B) in 
univariate analysis. At two months, children with lower birth weight were associated 
with low attained Z score group for length after adjusting for total cumulative protein 
intake (Table 3.31 A), and for weight (Table 3.30A). By two years of age, no 
significant difference was found in birth weight between the two groups for weight and 
length. The effect of birth weight decreased with age. 
J i j . 
No significant difference was found in gender between the two groups for weight and 
length within the 3 described periods in the univariate and logistic regression analysis. 
Socio-demographic Variables 
No significant difference was found in the accommodation, living area, family income 
and the caretaker of the child between the two groups for both weight and length in the 
univariate analysis of the three described periods except for family income and the low 
I , 
i 
attained Z score group at 24 months. Children from higher income families were 
associated with the low attained weight Z score group at 24 months in the logistic 
regression models (Table 3.30C). 
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No significant difference was found in the parent's occupation and education between 
the two groups for both weight and length except at 24 months in mother's occupation 
and father's education between the two groups for weight. Also, no significant 
difference was found in the mother's occupation and the father's education among the 
2 groups of attained Z scores for weight at 24 months after adjusting for family income 
(Table 3.30C). It is possible that parental education and occupation are highly 
correlated with income, therefore the effects disappeared after family income was adjusted. 
Parental Characteristics 
The father's height was significantly different between the two groups for weight at 2 
months (Table 3.30A) and length at 12 months and 24 months (Table 3.31B�3.31C) 
in the univariate analysis. No significant difference was found in the father's height 
between the two groups for weight at 2 months after adjusting for birth weight (Table 
j 
3.30A) and for length at 12 months after adjusting for birth weight and total cumulative 
protein intake (Table 3.31B) and at 24 months after adjusting for percentage of protein 
from milk and the father's weight (Table 3.31C). Heavier fathers were associated 
with taller children after adjusting for the percentage of protein from milk at 24 months 
in logistic regression model (Table 3.31C). 
The mother's weight was significantly different between the two groups for weight at 
12 months and 24 months (Table 3.30B, 3.30C) and, for length at 24 months (Table 
3,31C) in univariate analysis. However, no significant difference was found in the 
mother's height between the two groups after adjusting for other factors. 
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No significant difference was found in parental age between the two groups of attained 
Z scores for weight and length. 
Morbidity 
Significant difference was found in children who had any sickness for more than one 
day between the two groups of attained Z scores for weight at 2 months (Table 3.30A) 
and 12 months (Table 3.30B) in the univariate analysis. However, no significant 
difference was found among the 2 groups in the logistic regression models after 
adjusting for other factors. 
Significant difference was found in cumulative numbers of non-hospitalized infectious 
disease with normal appetite between the two groups for weight at 12 months in the 
univariate analysis. Nevertheless, it became non significant in the logistic regression 
I model after adjusting for birth weight and total cumulative fat intake (Table 3.30B). 
Recapitulation of the Logistic Regression Models of the "sub-optimal" Children 
and the rest of the sample 
At 2 months after birth 
Lower birth weight was significantly correlated with low attained weight group before 
and after Bonferroni's adjustment. Lower total cumulative protein intake and lower 
birth weight were significantly correlated with low attained length group. This 
association still exists even after Bonferroni's adjustment. 
I - 12 month 
I 
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Lower birth weight and lower total cumulative fat intake were significantly correlated 
with low attained weight group. Moreover, lower birth weight and lower total 
cumulative protein intake were significantly correlated with low attained length group. 
The above association still existed after Bonferroni's adjustment. 
24 month 
Higher family income was significantly correlated with low attained weight Z score 
group before and after Bonferroni's adjustment. Lighter fathers and lower percentage 
of protein from milk were significantly correlated with low attained Z scores, and this 
was still true after Bonferroni's adjustment. 
3.6 DISCUSSION 
The primary goal of this Shatin study was to assess whether the so-called "faltering of 
growth" of the Hong Kong children before and during weaning could be explained by 
limited energy intake. As a first step to assess the adequacy of energy intake, standards 
need to be used for comparisons. Since both of the current international recommended 
standards for growth (the' NCHS growth reference) and for energy intake 
.- --
(FAO/WHO/UNU 1985) were based on observational studies which did not analyze the 
relationship between energy intake and growth on individual level, the appropriateness 
of these references to assess the adequacy of the energy intake may be questioned 
(Prentice et al 1988). NCHS reference tables are thus used purely as an "external" 
reference to categorize and to describe the variation of growth in the Shatin sample. 
In a similar way, the energy recommendation tables can only be used for illustration 
and comparison rather that as gold standards of energy adequacy. 
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One solution to avoid using these references (both WHO and NCHS) to assess the 
relationship between growth and energy intake in this sample is to examine whether 
each individual's energy intake affects his/her growth variation. ‘Internal，Z scores 
(derived from the Shatin data) were used to identify factors associated with variation 
of growth instead of the ‘external，NCHS Z scores (Table 3.1, 3.2). Justification was 
given in the method sections. Statistical analyses (univariate and multivariate) were 
performed in this study using such weight and length Z scores as dependent variables 
and cumulative energy intake from birth as the key independent variable. Three 
different steps of statistical analysis were performed in order to answer the question 
whether the attained growth was affected by variation in energy intake. The attained 
growth Z scores were used as dependent variables for the univariate and multivariate 
analysis in the first step. As it can be seen in the result, there are strong correlations 
between energy intake and growth Z scores in early infancy. As discussed in section 
I 1 
j 3,3.6, this significant association is likely to be confounded by the relationship between 
\ 
body size and energy required for maintenance. As we are unable to separate the 
energy requirement for growth from the requirement for maintenance, alternative 
dependent variables namely, the change of relative positions in Z scores ("internal 
I 
I . 
j" tracking"), was used. The change of relative positions of Z scores is defined as Z 
scores of age B (e.g., month 12) minus age A (e.g., month 2). This non-dimensional 
variable should be very much independent of the individual body size. As the "internal 
tracking" might neglect children who were growing along the lower centile if a non-
linear relationship exists, another set of binary variables for logistic regression were 
created to compare the energy intake of low-Z-score children (i.e. those children who 
grew below the 25th percentile of Z scores of "internal" reference) and the rest of the 
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sample (i.e. those who grew above the 25th percentile of the "internal" reference). 
Independent variables used other than the key independent variable (energy intake) 
were: birth characteristics (birth weight, gestational age, gender and birth order); 
parental characteristics (parental age, weight and height); socio-demographic effects 
(parental education and occupation, family income, accommodation, living area), care-
taker; feeding practices (percentage of energy or protein from milk, early introduction 
of solid) and morbidity. 
Discussions on potential bias in the study 
There was no significant difference in energy intake, weight and length gain in 
statistical analysis between the ‘drop-out，and the ‘non drop-out，groups in the Shatin 
study. Thus, the sample is unlikely to be biased due to loss to follow-up. Other sources 
of bias were also considered. First, anthropometric measurements were performed by 
one research nurse to avoid measurement variations. In fact, there was a good intra-
observer reliability observed in this study (refer to section 3.2,6). Secondly, dietary 
assessment methods might induce bias to the study and most food intake studies are 
subjected to some errors in the recording of the actual amount of food consumed. -- •-
Studies have shown that the dietary history method may give higher mean intakes when 
compared to the 7-day weighed dietary record method. By using a 24-hour recall on 
a "typical" day and a food frequency list over a week to cross check the diet history, 
the accuracy of the diet history had been greatly enhanced in this study. All dietary 
histories in this study were obtained by the author to eliminate inter-observer variations. 
In addition, other efforts were attempted to maximize the accuracy of the dietary 
assessment (see method section 3.2.7), 
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-There are two sources of error in dietary assessment which may affect the results of the 
analysis. First, there is a constant error of under-estimation of the true intake 
(Livingstone et al 1990a). The evidence for under-estimation will be discussed in a 
later chapter. Secondly, systematic errors are introduced by using food tables because 
the values are based on analytical averages of the representative food samples (Bingham 
1987). In spite of these limitations of the measurement of the true energy intake, the 
correlations between total energy intake and growth should still be meaningful. Though 
the estimations of the levels of energy intake (the "intercepts") would be likely to be 
imprecise, the estimation of the correlations with independent variables (the "slope") 
would be less affected. The present dietary assessment method may be considered as 
an appropriate and possibly the best method to obtain information on the "typical" 
energy intake of children. 
t I . 
3.6.1 Descriptive Data 
The three "phases" of growth deviation from the NCHS median 
Three "phases" can be clearly identified by the weight Z scores but they are less 
apparent in the length charts (Fig. 3.3, 3,4). The first "phase" was from birth to two 
months which was a period when the group progressed towards positive deviation of 
growth from the NCHS reference (weight Z scores, -0.6 to +0.3; length Z scores, -0,7 
to -0.2). The second "phase" (2-12 months) was a period of negative deviation of 
growth from the NCHS reference (weight Z scores, +0.3 to -0.8; length Z scores, boy 
-0.2 to -0.3, girl to -0.2). This period corresponds to the so-called ‘faltering，(in 
weight) as named by other researchers (Li et al 1982, 1985), i.e. the weight Z scores 
declined from positive to negative values. The last "phase" was 12-24 months which 
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was a period of growth parallel to the NCHS reference curve. In this "phase, the 
deviation remained constant at around -0.6 Z scores for weight. There was an apparent 
increase of length Z scores (boy 0.2, girl 0.3) at two years which was perhaps an 
artifact caused by the two different measurement techniques used in the collection of 
NCHS data at this age. 
A pattern similar to the second ‘phase，of growth in this study was reported by Li et 
al (1982, 1985). They blamed the poor weaning diet for the observed unsatisfactory 
growth of the Hong Kong Chinese children. However, the slowing down of growth 
began at around month two (pre-weaning period) in the Shatin study, at the time when 
infant formula was the sole source of energy, and for most of the time these infants did 
not consume all the food provided to them. Consequently, this deceleration of growth 
did not seem to be related to underfeeding during weaning. The Shatin study indicated 
that the volume of milk consumed was higher than in the Aberdeen and Kwun Tong 
studies. Unlike the 1970，s�98% of the children in the Shatin study were bottle-fed 
with full protein formulae or cows，milk (which contributed 39% of the total energy 
intake) up to two years of age.' Nowadays, milk may serve as a ‘complementary food， 
(Ziegler 1990) or as a ‘safety-net，(Wharton 1986). Besides, children in the present 
study were significantly heavier and taller than those in the 1967 as studied by Chang 
(Table 3,12). This suggests that there was a secular trend in Hong Kong children when 
the environment (e.g., nutrition) improved. Therefore, it seems that from this 
qualitative analysis under-nutrition is an unsatisfactory explanation for the so-called 
"faltering" phenomenon in the present day Hong Kong children. This argument will 




The mean weights and lengths of the Shatin children were above the NCHS medians 
for both sexes before their first six months of life, but shifted downwards -0.8 Z scores 
at two years of age. This faster growth rate in the first four months of life may 
represent a phase of "catch-up" growth. However, by 2 months the mean weight Z 
scores were in fact positive (0.3), so the "catch-up" actually exceeded the reference 
suggesting some other mechanism as well. Smith and co-workers (1976) suggested that 
under an optimal intrauterine environment, birth size of the infant is determined mainly 
by maternal size. Perhaps the smaller birth weight in the Shatin study may be partly 
due to smaller maternal size, which was affected by environment and genetic 
determinants. It was shown that there was a good correlation between the height of 
the parents and the offspring in the studied population (Leung & Lui 1989). Chinese 
parents in the Shatin study were shorter (father mean = 7 cm, mother mean = 5 cm) 
and lighter (father mean = 12.5 kg less, mother mean = 11 kg less) than Australian 
j Caucasian parents. The Shatin children were shorter (mean = 1 - 1.9 cm) and lighter 
(mean = 0.6 - 0.9 kg) than their Australian counterparts at 18 months. 
I 
i 
The mean birth weight of the Chinese infants in Hong Kong (the Shatin study), 
Southern Mainland China and Taiwan were comparable, but was lower than that of 
I Chinese infants bom in the US. Moreover, Chinese infants bom in the US were lighter 
i ： 
than the Caucasian infants bom in the US after controlling for socio-demographic 
background (Yip et al 1989). One interpretation is that the birth weight of the children 
in the Shatin study fell below the full genetic potential due to maternal stunting, 
although the Shatin study mothers had been adequately fed and were healthy during 
pregnancy. Secular trends in adult height have been observed in all developed countries 
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(Fung et al 1985). Since smaller mothers have smaller babies, one would expect these 
babies to have catch-up growth. Another interpretation was that the lower birth weight 
in the Shatin study might be due to the geographic differences of the place of origin of 
the Chinese children. It has been known that northern Chinese are taller and bigger 
than southern Chinese. The Shatin children mainly originated from the southern part 
of China whereas in the other studies no information was given about the place of 
origin. - _ 
In contrast to the first two months in which children were growing faster than the 
NCHS median, 2-12 months was a period of progressing towards negative deviation. 
Faster growth in early infancy followed by a slowing down of growth has also been 
reported from other parts of the world (Ashcroft et al 1966，Froozani et al 1980， 
Hitchcock et al 1985b, 1986，Whitehead et al 1986，1989b). Some investigators 
1 I • . 
suggested that this slowing of growth rate was due to inadequate nutrient intake 
(Ashcroft et al 1966, Froozani et al 1980). Others suggested that this phenomenon 
might be influenced by infection in developing countries (Waterlow et al 1980, Chandra 
1981, Woodruff et al 1984, Mata 1985). Both the qualitative and quantitative analyses 
of energy intake of this study do not support the hypothesis that the "growth faltering" 
was due to infection. 
The mean energy intake per kg body weight of the children in the Shatin study was 
comparable to the observed energy intake of the developed countries in 1981 
(Whitehead et al 1981) at all ages but was slightly below and parallel to the 
FAO/WHO/UNU recommendation (1985) (Fig. 3,26). 
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Shatin children had a lower energy intake per kg body weight at 3, 6 and 9 months of 
age than their counterparts in Australia and Canada; however, the energy intake per kg 
body weight was above that of the Australian and Canadian children at 15 months 
(Yeung 1983，Hitchock et al 1986). It is speculated that this rise in energy intake 
might be explained by the higher energy demand in the Shatin children. Studies have 
shown that western children are less active than those in developing countries (Poskitt 
1980, Armstrong et al 1990). Since Hong Kong mothers have to carry their children 
to the market every day and the living areas of the families are so small that children 
do not usually have their own room to enjoy a peaceful environment, their energy 
expenditure may be higher. This hypothesis will be tested by the DLW study in a later 
chapter. 
As has been discussed earlier, the above arguments are qualitative and do not answer 
the fundamental question of the effect of adequate energy intake on growth. In order 
to further investigate whether the individual variation of growth was associated with 
energy intake, univariate and multivariate analysis were performed to examine the 
relationships among growth, energy intake and other environmental or genetic factors. 
The advantage of this study being a longitudinal study is that it provides data on energy 
intake and growth of an individual over time. Past history of intake and morbidity 
might influence attained size. The Shatin study enabled the use of cumulative intake 
of energy and other nutrients to investigate such relationship with growth. 
3,6.2 Whether the variation of growth can be explained by energy 
intake 
The overall finding of the simple linear regression of energy intake variable and 
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attained size (weight and length) indicated significant positive correlations in early 
infancy (Table 3.26, 3.27). This is not surprising since resting metabolic rate, which 
includes the basal metabolic rate and maintenance requirements in the resting 
thermoneutral state, is the major component of energy expenditure in the very young 
infants for their activity level is very low (Brooke 1986). In children, 70% of energy 
intake is used for maintenance, which is related to body size (FAO/WHO 1973). 
However, by one year of age, young children become more active (crawling and 
walking). This will be discussed in the energy expenditure study. No association was 
found between energy intake and attained size over 1-2 years which tends to support 
the above hypothesis (Table 3.27B). This might indicate that the correlation between 
energy intake and body weight is stronger at two months since infants spend an average 
of 62% of their time sleeping (Table 3.5). 
Since size and intake are closely related in early infancy, one needs to adopt a more 
comparative approach to determine whether variation of growth in this study can be 
explained by energy intake independent of maintenance requirements. To adjust for the 
size effect on energy expenditure, a possible approach is to use energy intake per body 
weight (kcal/kg/day) as an independent variable. When energy intake was divided by 
kg body weight, the correlations between energy intake per kg body weight and attained 
Z scores for length (12 months r=-0.28, p<0.05; 24 months r=-0.32, p<0.05) and 
weight (12 month r=-0.:33�p< 0.001; 24 months r=-0.34, p < 0.001) were all 
significant but negative in the univariate analysis. For the reasons stated in Section 
3.26 that this approach was liable to mathematical confounding, energy intake per kg 
body weight was not analyzed further by multivariate analysis, 
j , 
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Since the above approach is open to confounding effects, another approach was adopted 
to use an outcome variable of relative growth independent of body size for analysis. 
The child was used as his/her control and the change of relative positions in Z scores 
from age B to age A were used as outcome variables (the "internal tracking" of growth 
parameters). Using this change in Z scores as the outcome variable, none of the 
variation in this change in growth outcome showed any positive correlation with 
nutritional variables. No significant correlation with energy intake and other nutritional 
variables was found over any of the age periods studied. The only exception to this 
was the variable describing the proportion of energy obtained from milk. 
« 
In the logistic regression analysis which was performed to detect non linear effect 
between those children who might be "sub-optimal" (i.e. those with growth parameters 
i 
I below the 25th percentile of the Shatin sample) and the rest of the sample (those with 
growth parameters above 25th percentile of the Shatin sample). There were 
non-significant univariate associations between weight, length and energy intake at 
month 12, but such associations became non-significant after adjustment for birth 
weight (Table 3.30, 3.31). This result does not support the hypothesis that children 
with "sub-optimal" growth (i.e. lower quartile of Z scores for length and weight) were 
receiving an inadequate amount of energy. Dewey and co-workers showed in the 
DARLING study that low milk intake among breast-fed infants was a result of self-
regulation of intake by infants rather than inadequate maternal milk production (Dewey 
and Lonnerdal 1986，Dewey et al 1991a). The present data supports the idea that low 
energy intake can be attributed to self-regulation because infants consistently left milk 
or non-milk food offered to them unconsumed. To sum up, the findings of the Shatin 
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study suggest that the variations of growth were not determined by the variations of 
energy intake for the Shatin children before two years of age. 
3.6.3 Whether the variation of growth can be explained by other variables 
Other environmental variables 
Nutrient and Hietery variables 
Children who consumed a higher percentage of energy intakes from milk at 12 months 
were associated with an upward "tracking" of weight Z scores between 2-12 months 
(Table 3.28B), however the association was very weak (R2=0.052). On the other 
hand, children who consumed a lower percentage of protein from milk at 24 months 
were likely to be in the low attained length Z score group (Table 3.31B). 
j 
j Children with the lower total cumulative protein intakes were also associated with the 
lower attained length at 2 and 12 months (Table 3.31A, 3.31B) in logistic regression 
models. Studies have shown that an excessive amount of protein in the diet stimulates 
insulin (growth hormone) secretion, resulting in faster linear growth (Ritchie 1975, 
Waterlow 1988). This result agrees well with the idea that high protein intakes 
stimulate better linear growth. One should interpret this finding with caution since 
protein intake is co-linear with energy intake. Lower total cumulative fat intake was 
associated with lower attained weight at 12 months in the logistic regression model 
(Table 3.30B). This could be explained if the additional amount of fat intake was 
deposited in the body as fat, and this conclusion should also be viewed with caution for 
reasons explain above. 
- I l l _ 
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No significant correlation was found between total cumulative intakes of iron and 
calcium which agreed with the observations that there was no biochemical evidence of 
deficiency and the observed intakes of these two nutrients were above RDAs. 
Furthermore, no association was found between the early introduction of solids and 
children's attained size, which was unusual. This is in contrast to an other study by 
Roberts (1980) who suggested that early introduction of solids might cause childhood 
obesity. From the analysis of dietary data, in fact children were consuming a larger 
portion of energy from milk during the second year of life. 
_ --. --
Socio-demngraphic variables 
Children from higher income families were associated with lower attained weight at 24 
months in the logistic analysis (Table 3.30C). This is an unexpected finding in that 
it contrasts with Cole and co-workers (1983). Although the family income ranges from 
$2000 to $40000, this finding indicates low family income does not limit the growth 
of these Shatin children. 
There were no significant associations between attained size, parental occupation, 
parental education and living areas which suggested that the studied children were from 
a homogeneous sample. Hong Kong is a well-developed city and the effects of social 
class may be less significant than the other strong predictors like birth weight. No 
significant effect was found for the type of care-taker of the child. 
Morbidity 
In developing countries, growth may be influenced by infection and other morbidity 
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(Waterlow et al 1980, Chandra 1981). Children with sickness for more than one day 
during the first two months of life experienced a downward "tracking" of weight Z 
scores between 0-2 months (Table 3.28A). No correlation was found between growth 
and the cumulative number of different types of sickness (section 3.2,8) within the 
three described periods. This result indicates that growth variation of the present study 
is related to the duration of sickness for more than one day but not to the type or 
number of sicknesses. 
Genetic and parental effects 
Birth weight was positively and consistently associated with the attained Z scores for 
length at 2 (partial r=0.618) and 12 months (partial r=0.324) (Table 3.27A, 3.27B) 
and for weight at 2 (partial r=0.52), 12 (partial r=0.397) and 24 months (partial 
r=0.230) (Table 3.26). In the logistic regression models, children with low birth 
weight were associated with low attained length and weight at 2 and 12 months (Table 
3.30A, 3.30B, 3.31A, 3.31B). In contrast, the analysis of "internal tracking" revealed 
very clearly a negative effect of birth weight in this population supporting the concept 
of "catch-up growth" being an important factor in the Shatin children. This implies 
that the birth weight of the Shatin children was below their genetic potential. It is 
interesting to note that after putting birth weight in the regression models, mothers' size 
became non-significant indicating colinarity. The birth effect was persistently 
significant during the first two years but it was strongest in early infancy and decreased 
with age. This is still true even after the stringent criteria set by Bonferroni's 
adjustment. Children with lower gestational age also exhibited an upward "tracking" 





lower birth weight or gestational age were experiencing "catch-up" growth from birth 
to two years. This seems to agree with Smith and colleagues' finding that the extreme 
size at birth showed the greatest shift of upward ("catch-up") or downward ("lag-
down") directions (Smith et al 1976). Tanner (1963) called these types of shift "target-
seeking or self stabilizing." Davies (1988) concluded that "the first couple of years 
after birth must therefore be viewed as a time when the expression of genes controlling 
the growth program emerge out of the shadow of maternal intrauterine influences in 
order to direct the individual baby's growth trajectory into its genetically predetermined 
channel. “ However at 12 months, children with lower gestational age were associated 
with higher attained weight (Table 3.26B) which' might suggest that "catch-up" growth 
for lower gestational age might be completed before one year of age. None of these 
analyses explained why Shatin children are larger than the NCHS reference at 2 months 
since catch up growth would only be likely to return children to their genetic potential. 
The implication of this finding is that Shatin children might have the potential become 
larger babies at two months. 
Parental heights were also associated with the growth of length and weight at various 
ages. This is a further evidence that both genetic and environmental influences 
(unrelated to the nutrition of the child) play an important role to determine the growth 
outcome (Tanner 1976, Goldstein and Tanner 1980, Roberts 1981, Eveleth 1986, 
Davies 1988). 
The effect of maternal weight became non-significant in the multiple regression model 
except for attained weight at 24 months (Table 3.28C) which remained significant after 
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Bonferroni's adjustment. The effect of maternal weight on the child's growth was 
probably mediated through the birth weight variable, which was a strong predictor of 
growth before two years of age in the Shatin children. By age two, the effect of birth 
weight on attained weight was diluted to a level that the effect of maternal weight 
became observable. 
No significant association was found between birth order and attained size which 
suggested birth order does not play an important role in the variation of growth in these 
children. Boys were taller than girls at 2 months whereas girls were associated with 
an upward shift of weight Z scores between 0-2 months. 
In summary, the results of this study suggest that energy intake in this population does 
not determine the variation of growth. Other nutrient intakes did not appear to affect 
growth except for relatively weak effects from protein and fat. Birth weight was 
consistently a strong predictor of growth of the Shatin children and its effect decreased 
with age. It appears that parental influences and other environmental influences 
progressively increased after one year of age when the effect of birth weight decreased. 
The results also support the finding that the growth of children was also influenced by 
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CHAPTER FOUR: ENERGY EXPENDITURE STUDY 
4.1 INTRODUCTION 
The data from the longitudinal study in Shatin showed that energy intake of Hong Kong 
Chinese children (Shatin study) was below the FAO/WHO/UNU 1985 standard from 
3 months to 6 months, and then gradually increased to 15 months before decreasing 
again (Fig. 3.26). It is postulated that the increase in energy intake at 15 months was 
due to an increase in energy requirement for activity. The hypothesis is tested in this 
study by measuring the energy expenditure of the children using the doubly-labelled 
water method (DLW). 
This is a supplementary study of the main Shatin study carried out by the same staff of 
the main study. It was funded by Nutricia (Asia) Ltd. The author spent two and a half 
months (September 1988 to November 1988) at the Medical Research Council (MRC) 
Dunn Nutritional Laboratory, Cambridge University, to learn the doubly-labelled water 
technique. The urine samples were collected in Hong Kong from April 1989 to July 
1989, and were then taken to the Dunn Nutritional Laboratory for sample analysis by 
means of isotope ratio mass spectrometry. All samples were analyzed by the author 
between July 1989 and February 1990. 
4.2 SUBJECTS 
The study was carried out in the Babies，Section of St. Christopher's Children's Home, 
Tai Po, New Territories. The sample consisted of healthy children under five years of 






(1) A total of 35 babies at St. Christopher's Home was under the age of two, it 
provided most of the subjects required within a period of four months (April to 
July 1989). Moreover, the concentration of subjects in one location facilitated 
the author to make daily visits to check the 3-day food records and to collect 
urine samples. 
(2) The children at St. Christopher's Home are well cared for by the staff and the 
food provided is similar to that of children who are living with their families. 
A convenient sampling method was used. The children were selected if they were 
healthy and were within the selected age groups (6，9，12, 15, 18, 21, 24) months, as 
assessed by the paediatrician and were growing normally according to their age. 
However, the number of subjects available at St. Christopher's Home was insufficient, 
so siblings under two years of age from some families in the longitudinal study were 
also recruited. Ethical approval was obtained from The Chinese University of Hong 
Kong and The MRC Dunn Nutritional Unit. Written consent was obtained from the 
parents or legal guardians before the study. The aims of the study were explained to the 
staff of St. Christopher's Home and parents or legal guardians of the child before the 
consent form was signed. 
Twenty-seven subjects were recruited from St. Christopher's Home and 8 subjects from 
the Shatin families. Table 4.1 shows the age and sex distribution of the 35 children. 
Of the 27 subjects from St. Christopher's Home, a second measurement of energy 
expenditure was made in 7 of them three months later. Thus, 42 measurements were 
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made from 35 subjects. Only one measurement from each child was used for analysis, 
the second measurement was used to increase the size of certain age groups. 
4.3 METHODOLOGY 
4.3.1 Clinical and Anthropometric Assessments 
Physical examination was performed by the paediatrician at the beginning of the study 
to screen children with any clinical signs of nutritional deficiency. 
The nude weight and supine length of all children were measured by the nurse as 
described in section 3.2.6 in the Shatin study at the beginning of the study i.e. on the 
day of isotope administration and on the final day of the study. Any change in weight 
within the 7 -10 day period was calculated by subtracting the weight in period 1 by the 
weight at period 2. 
Reliability tests were performed to measure within observer error. The research nurse 
who was trained to measure weight and length performed a reliability test prior to this 
study. Duplicate measurements were made in nude weight and supine length for ten 
subjects, results are shown in Appendix VI. The intra class correlation coefficient 
(Fleiss 1986) suggests good intra observer reliability (Weight 1.000, Length 
R2=0.999). 
4.3.2 Dietary Assessment 
The use of dietary history method is not feasible in this study as the staff of St. 
Christopher's home was unable to report the usual eating pattern of these children. The 
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dietary intake was recorded for 3 days instead of seven so as to increase compliance and 
to minimize the extra work of the staff at St. Christopher's Home. Menus and 
purchasing orders from the main kitchen of St. Christopher's Home were obtained to 
assess the amount of rice, meats and vegetables in each portion. Standard portions 
were weighed to estimate the amount of food. 
The staff at St. Christopher's Home or mothers at home were trained to record all food 
consumed by the child. Unfortunately, some of the information on the 3-day record 
could not be verified because of the mobility of staff. For each meal an estimated 
portion was recorded. The dietary record was obtained for three consecutive days in 
the middle of the week during which the isotope was administered. The author cross-
checked food record forms with the staff at St. Christopher's Home daily. For children 
who were living at home, the food record forms were obtained and checked by the 
author at the end of the three consecutive days. All food intakes during the three days 
were averaged using the food composition tables as described in section 3.2.7. Intake 
of 12 nutrients was calculated. In this thesis, only energy intake is considered. 
4.3.3 Assessment of energy expenditure 
Energy expenditure measurement was made by the Doubly-labelled water (DLW) 
method. 
Doubly-Labelled Water rPLWO dose administration and sample collection 
An accurately weighed dose of sterile 2.8 gm of 10% H2^ ®0/kg body weight (Isotec 
Inc, Miamisburg, Ohio, US) and 0.11 gm of 99.8 % ^H^O/kg body weight (Sigma, St. 
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Louis, MO, USA) was given orally (Schoeller 1983). Oxygen-18 was given in a 
two-ounce baby-bottle and deuterium was given with a small 2 ml pipette. The weights 
of isotopes, containers and pipettes were recorded before and after the administration 
of the isotope. The difference between the two was the actual dose given. 
One sample of urine was obtained from each infant before administration of the isotopes 
to measure the concentration of the natural ^H and ^^ O in body fluids. The first post-
dose sample was collected four hours after isotope administration. The second void of 
the day was used as the daily urine sample. Urine bags were put on to children after 
their first void in the morning. All urine samples were collected by using urine bags 
and transferred to small sealed tubes. The sampling date and time were recorded in a 
form (Appendix VII) and the tube was labelled with identification number, date and 
time of the sample collected. All urine samples were stored at -20°C until analysis. 
After isotope administration, a single morning urine sample was collected daily for a 
period of 7- 10 days which was expected to be equivalent to2 - 3 biological half-lives 
of the isotope (7 days for infants one year or below, and 10 days for infants over one 
year of age) (Schoeller 1983). 
Analysis of Urine Samples 
All urine samples were packed in dry ice and carried by the author to the MRC Dunn 
Nutritional Laboratory of The Cambridge University, U.K. for analysis. All samples 
were analyzed by an isotope ratio mass spectrometer (Aqua-Sira, VG Isogas, Cheshire). 
- 120 -
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The pre-dose urine samples were analyzed as the baseline for both isotopes. The order 
of analysis of each individual child's urine samples was such that the least enriched 
sample was analyzed first, followed by progressively more enriched samples and then 
returning to the least enriched samples i.e. from Day 12 to Day 1 and from Day 12 
back to Day 1 (Appendix Vm). Thus, each sample was analyzed in duplicate. After 
every three or four urine samples, standards were analyzed to minimize the drift and 
to detect any analytical error. Two to three standards were also included as unknowns. 
The difference in enrichment unit between consecutive standard references was 
approximately 20% for oxygen 18 and 103% for deuterium. All values were 
recorded as % per ml against Cambridge Tap Water (CTW). 
Calculation of Rates of H^O and CO: Output 
Isotope enrichments in all the post-dose samples were corrected for isotopic background 
of each subject by subtracting the individual's mean enrichment values from the pre-
dose urine samples. An average of the duplicate values was obtained. 
The principle of the calculation is the disappearance rate of each isotope multiplied by 
its dilution space in the body which measures the output rate of H2O for deuterium and 
H2O plus CO2 for oxygen-18. Thus, the difference between the output rates reflects 
CO2 production. These results need to be corrected for isotopic fractionation that 
occurs when deuterium is lost as water vapour and oxygen 18 is lost as water vapour 
and carbon dioxide. The multi-point method is calculated by the observed isotope 
enrichment values after correction for background to fit to a single-compartment model 
(Feldman, 1977) in order to provide estimates of the exponential slopes (Kd, Ko) and 
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the intercepts at time zero. Their standard errors and the coefficients for the correlation 
of these errors can also be obtained (Coward et al 1988). 
The series of calculations performed on the data collected in this study are given below. 
1. Dilution spaces of ^HzO and H2 at the beginning of the isotope study 
("intercept", zero-time, t = 0) were calculated using the recommended general 
equation by the expert committee - IDECG working group (Coward 1990) (refer 
to Appendix I). 
2. Crude output rate of H^O and CO! were calculated using a modified equation 
described by Coward et al (1985). 
F C O , 
3. Real rates of HjO and CO: output (rH^ O，rCO!) were calculated by using 0.15 
as the fractionated water loss (Roberts et al 1986). 
‘ 2 / 3 
where: 
X = constant proportion of true water output 
fj = 0.93 hydrogen fractionation in water 
f j = 0.99 oxygen fractionation in water 
f^  = 1.04 oxygen fractionation in carbon dioxide 
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4. Total energy expenditure (kcal/day) was calculated from carbon dioxide 
production using classic respiratory quotient derived from the composition of the 
diet (Black et al 1986). 
4.4 RESULTS 
4.4.1 Background Characteristics 
Birth Weight 
The mean birth weight of the study children was 2.91 土 0.55 kg (Boys 2.98 土 0.55 
kg, Girls 2.82 土 0.56 kg)； The birth weights of seven children were below 2.5 kg 
(range 1.5 - 2.4 kg). Of these seven children, 4 were premature babies (Table 4.2). 
Table 4.3 compares the birth weight of the infants in this study with those children in 
the Shatin study (section 3.3.2). The children in the DLW study had lower birth 
weight than those in the Shatin study. 
Growth 
The mean (sd) weight and length of the children are shown in Table 4.4 and Table 
4,5. The mean weight and length in the DLW study were below the NCHS 50th 
percentile except for girls at six months (Figs. 4.1, 4.2). They were within the normal 
range of NCHS reference (3rd to 97th percentile). The DLW study covered a period 
of 7 -10 days. Table 4.6 shows the changes in body weight during this period. There 
was an increase in weight during the 10 day study period except in the two- year-old 
group. 
Physical Examination and Morbidity 
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The physical examination at the time of recruitment showed that all children were 
healthy. During the study period, one child had eczema and another child had boils. 
Two other children who were living at home had poor appetite due to a common cold. 
4.4.2 Dietary Intake 
Tnfant Feeding Practices 
All babies were bottle-fed. Most of the babies received full protein formulae except 
one who was still receiving infant formula at six months, and another one who was 
receiving soya-based formula at 12 months (Table 4.7). The number of daily feeds 
decreased with age. At six months of age, the children were fed 4 or 5 times. At 2 
years, all children were fed 3 times a day. This pattern was similar to that of the 
Shatin children. The mean total volume of milk consumed per day was comparable to 
the Shatin study (Section 3.3.4) (Fig. 4.3). In both studies the average intake of milk 
at 2 years was around 500 ml per day (528 Vs. 547, Shatin Vs. DLW). 
F.ner^v Intake 
Fig. 4.4 shows the distribution of daily energy intake of the children in the DLW 
study. The energy intake of all children except one in this study was within 5th to 95th 
percentile of intake found in the Shatin study (Fig. 4.5). 
The mean, standard deviation and range of energy intake of the children in the DLW 
study are shown in Table 4.8. At six months of age, the total energy intake was 658 
kcal, and this gradually increased to 942 kcal at two years of age (Fig. 4.6). The mean 
energy intake of the children in the DLW study was lower than that in the Shatin study 
-124 _ 
4 
(Table 4.9)，however the pattern of change in energy intake was similar in both 
studies. (Fig. 4.6) 
The energy intake in the DLW study (3-day food records) was lower than the Shatin 
study (dietary method) even after adjusting for body weight (Table 4.9), the greatest 
difference being at 15 months (102 kcal/kg Vs. 88 kcal/kg/day). The energy intake 
adjusted by weight was below the FAO/WHO/UNU (1985) recommendation (Fig. 4.6). 
The percentage of energy intakes contributed by protein, fat and carbohydrate of bottle 
fed children is shown in Table 4.10. The contribution from protein gradually increased 
from 12% to 19% when solid food was introduced. At two years of age, the 
distribution of energy was 19% protein, 34% fat, 47% carbohydrate. This distribution 
was comparable to that of the Shatin study. 
The percentage energy intake from milk and non-milk food in the DLW study is shown 
in Fig 4.7. At six months, 84% of the energy intake was from milk. By the age of 
two, this percentage from milk had decreased to 39%, sharing a pattern similar to the 
children in the Shatin study. The average FQ calculated from the distribution of 
protein fat and carbohydrate was 0.87 (range 0.86 - 0.89). 
Protein Intake 
As in the Shatin study, the protein intake per kg body weight was consistently above 
the safe level recommended by the FAO/WHO/UNU 1985 (Table 4.11). At two years 
of age, the protein intake of the children in the DLW study was also 4 times the safe 
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level recommended by FAO/WHO/UNU 1985. 
4.4.3 Energy Expenditure 
In order to show how closely the data satisfy the assumptions made in the method and 
to provide reassurance that the error is small, each estimate of carbon dioxide 
production rate requires an associated standard error. This calculation of the standard 
error assumes that the data provided fit adequately well with the model of constant flux 
rate and constant pool size. This standard error is a measurement of precision (Cole 
et al 1990). The average standard error of the carbon dioxide production rate of the 
DLW study was 4.68% (range 1.8 - 10.9%). 
A summary of the energy expenditure of the study children is shown in Table 4.12. 
The mean total energy expenditure at six months was 553 kcal, which was close to the 
measured energy intake (658 kcal). Then, it increased to 1052 kcal at 18 months of 
age and declined again to 974 kcal at 24 months. Fig. 4.8 shows the distribution of 
daily energy expenditure in the DLW study children. 
4.4.4 Comparison of energy intake and expenditure 
A comparison of the total energy intake and expenditure is shown in Table 4.13. 
Energy expenditure was consistently higher than the energy intake except at six months 
of age. Energy intake and expenditure corrected for body weight showed a similar 
pattern of discrepancy (Fig. 4.9). 
Due to the small sample number in each age group, the data were grouped into 3 age 
- 126 -
4 
groups (6 - 9 months, 12 - 18 months, 21 - 24 months). Fig. 4.10 shows the mean 
energy intake and expenditure of the 3 groups. Daily energy intake and energy 
expenditure per kg body weight were not significantly different by age (Wilcoxon 
signed rank test and ONEWAY ANOVA, p > 0.05) 
4,4.5 Comparison with other studies 
The energy expenditure of the Hong Kong children is comparable to the 1985 
FAO/WHO/UNU recommendation but higher than that reported by Prentice et al 
(1988), especially from 12 to 18 months. Prentice and colleagues (1988) studied the 
pooled energy expenditure data obtained by DLW methodology from 355 children aged 
0 - 3 years. They observed that the energy expenditure at all ages was substantially 
lower than the current WHO recommendation for energy (FAO/WHO/UNU 1985) 
(Fig. 4.11). Table 4.14 compares energy expenditure of the Shatin children with the 
Cambridge and Gambia data (Prentice et al 1988，Vasquez-Velasquez 1988a，1988b) 
with that of the Hong Kong children. The total energy expenditure of Hong Kong 
children was significantly higher than that of Cambridge and Gambian children at 9 -
12 months and 12 - 24 months (t test, pCO.Ol). 
Table 4.15 compares the energy expenditure of the Shatin children with the Cambridge 
infants at 6 and 9 months (Davies et al 1989). Energy expenditure between Cambridge 
and Hong Kong children was not significantly different at 6 and 9 months of age (t-test, 
p > 0.05). 
4.5 DISCUSSION 
- 1 2 7 -
4 
4.5.1 Subjects 
As the number of subjects studied was small, four pre-term infants and three light-for-
date (LFD) infants were included. These seven low birth weight children had weight 
and length below the 50th percentile of NCHS, but were within the NCHS reference 
normal range (土2 SD of standard deviation Z scores). They were included in the 
DLW study assuming that they had completed their "catch-up" growth by the time of 
recruitment, i.e. after one year of age. It was reported that LFD infants tended to 
complete their "catch-up" growth in both weight and length within the first six months 
of life (Fitzhardinge & Stevens 1972, Martell et al 1978，Davies 1981). The ‘actual， 
age of these pre-term infants after adjustment for expected date of delivery (EDD) was 
used throughout the study instead of chronological age. 
This sample was not representative of the Hong Kong population as the majority of this 
sample had been recruited from an institution (St. Christopher's Children's Home) and 
about 20 % of the sample was comprised of low birth weight children. None of them 
were suffering from any chronic illness which might affect their nutrient intake or 
absorption. 
4.5.2 Energy Intake & Expenditure 
Infant Feeding Practices 
The feeding practices of children in the DLW study were similar to those in the Shatin 
study. At six months of age, they all received full protein follow-on formulae except 
one who received soya-based formula. Milk continued to contribute a substantial 
amount of energy in the DLW children's diet and was 39% of the total energy intake 
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at the age of two. This provides the weaning a protective effect prior to adopting the 
adult's diet (Ziegler 1980, Wharton 1986). 
The underestimation of energy intake 
The two main findings of the DLW study are (1) tiie under-estimation of energy intake 
by DLW method; (2) the explanation of the higher energy intake observed at 15 
months. 
The mean energy intake in the DLW study was lower than the measured energy 
expenditure in all age groups (energy intake to expenditure ratio from 0.81 to 0.897) 
except for six months (ratio = 1.189). However, in growing children the estimated 
ratio between intake and expenditure should be larger than one (Fomon et al 1982). 
The ratios were smaller betw^n 9-21 months. It is very likely that energy intake in 
the DLW study had been underestimated. Theoretically, it is possible that the DLW 
method was erroneous. However, various investigators suggested that the DLW 
method is accurate in adults and infants (Coward & Prentice 1985, Roberts et al 1986, 
Livingstone et al 1990b). Data from Gambian infants suggested that the error in total 
energy expenditure are unlikely to exceed 士 3% when a fractionation factor of 15% 
was used in the hot climate. The study period was from April to July, and the climate 
was becoming humid and hot. Therefore, it is unlikely to be a source of error in this 
calculation. The use of (RQ) respiratory quotient is another possible error. However, 
the average FQ (0.87) of this study was similar to those reported by Black and co-
workers (1986). Therefore, it is reasonable to assume that the observed discrepancy 
between energy intake and expenditure may be largely due to under-estimation of 
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habitual energy intake. 
The underestimation was most obvious during the weaning period and became smaller 
after 2 years of age. It may be due to several reasons. First, the 3-day food record 
might be unable to represent the habitual energy intake. Secondly, The daily amount 
of food used by the kitchen was recorded and conceptually divided into equal portions. 
The exact amount of congee or soft rice consumed by a child was estimated from such 
portions and might not be accurate. Thirdly, the food intake recorded by the St. 
Christopher's staff might have been under-reported as they had to feed more than one 
child at the same time. 
The dietary method of the main study (Shatin study) also seemed to be underestimating 
the energy intake, as the intake curves were also below the expenditure curve (Fig. 
4,6). However, it should be kept in mind that 2 different samples were involved in the 
comparison. The present study suggests that the 3-day diet record provided less 
accurate results, especially in an institution. As reported by Young et al (1952b) a 
10% discrepancy was found between dietary history and the one day diet record. The 
mean energy intake obtained by the food frequency method could be 17% higher than 
that obtained by the dietary record method. (Larkin et al 1989). 
Energy intake and enerpv expenditure 
The results of this study support the hypothesis that the increase in energy intake at 15 
months observed in the main study was due to an increase in energy expenditure, as a 
similar inverted U-shape pattern was found in both the energy intake and energy 
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expenditure curves (Fig. 4.11). Both energy intake (Shatin) and energy expenditure 
curves peaked at around 15 months. This might indicate that higher energy is needed 
at this age. Since children start to crawl and walk around 15 months, higher energy 
expenditure may be expected. 
4.5.3 Comparison with other Studies 
compared to the Cambridge data, the Shatin children had similar level of energy 
expenditure from 6-9 months, but higher energy expenditure from 9 to 24 months. 
Unlike children in Cambridge and Gambia, children in Hong Kong were formula-fed 
with at least 30% of the energy was contributed by milk. It is reported that formula-
fed infants had higher energy intake, sleeping metabolic rate and total energy 
expenditure than breast-fed infants (Butte et al 1990，Deway et al 1989), and such may 
explain why the energy expenditure of the Hong Kong children was higher. 
The results from this study may also support the hypothesis made in Chapter 3 that 
higher energy intake of the Shatin children after month 12, when compared to their 
Australian and Canadian counterparts. It may due to higher energy expenditure. After 
one year of life, children spent less time sleeping and more time in activities like 
crawling and walking, it is possible that the Shatin children were more active and had 
higher energy expenditure from 9 months onward. In addition, Chinese children might 
have a high lean body mass which might increase their energy expenditure. 
4.5,4 Summary 
The energy intake of this study was likely to be under-estimated due to the 
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methodology problem of 3-day food records. However, the energy expenditure curve 
of the DLW children followed the same pattern as the recommended energy intake 
(FAO/WHO/UNU 1985). It also has a similar shape as the energy intake curve of the 
Shatin study, i.e. higher intake and expenditure from 12 -18 months. This finding 
suggests that the increased energy intake at 15 months was likely to be due to the 
higher energy expenditure between 12-15 months. It is speculated that this might be 
a result of higher activity level. The same explanation may also explain the high 
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CHAPTER FIVE: CONCLUSIONS 
5.1 PATTERN OF GROWTH 
The children studied were healthy in general and had no nutritionally related disease 
which might affect growth. Three distinct "phases" of growth variation were observed 
(Fig. 3.3, 3.4)，i.e. a period of rapid growth followed by slowing down of growth and 
stable growth (especially for weight). This pattern of growth has also been reported 
by a number of studies in well-nourished, healthy children in the developed countries 
(Hitchcock et al 1985b, 1986, Whitehead et al 1986，1989b, Dewey et al 1991b).. 
Infants of well nourished mothers who had been exclusively breast-fed also experienced 
the so-called "faltering of growth" (Butte et al 1984, Dewey et al 1989). In favourable 
circumstances breast feeding alone can meet the needs of the 4-6 months old infants 
(Waterlow et al 1980). This l^ds to some doubts on the appropriateness of applying 
the NCHS reference to the children of the developed countries. The NCHS growth 
charts were published in the 1970's which were based on data collected between 1929 
to 1975 (Hamill et al 1977，1979). At that time, children were mainly bottle-fed with 
high energy milk formulae. The secular trend towards a lower energy intake 
(especially in infant formulae) and perhaps lower energy requirements caused by the 
change in activity patterns of the children may have an important effect on growth. As 
discussed earlier, this so-called "faltering" cannot be explained by an inadequate energy 
intake. Therefore, it might either be a natural pattern of growth in the present day 
infants from the developed countries or a result of the inappropriateness in applying the 
NCHS reference to the populations of developed countries. 
The observed mean birth weight was lower than the NCHS reference, and catch-up 
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growth was also observed. These suggest that the birth weight of Shatin children might 
be below their genetic potential. 
5.2 ENERGY INTAKE AND ENERGY EXPENDITURE OF CHILDREN IN 
HONG KONG 
As described, there was a consistent underestimation of energy intake in this study 
using dietary history method and the 3-day food record, when the results were 
compared with the measured energy expenditure in the DLW study. The 3-day food 
record method seemed to have a greater error of underestimation which was probably 
due to the under-reporting of food intake. This result suggests that the 3-day food 
record should not be used as dietary assessment of energy intake. 
The energy intake of the Shatin children was below those of the Australian and 
Canadian children from 4 - 8 months. From 12 to 18 months, the Shatin children had 
higher energy intake than their Australian and Canadian counterparts (Fig. 3.27), and 
such could be explained by the higher energy expenditure of the Shatin children as 
demonstrated by the DLW study. 
5.3 VARIABLES AFFECTING GROWTH 
A correlation was found between energy intake and attained size in early infancy. The 
casual direction is not clear but it is probably due to the fact that a high proportion of 
the energy intake is required for heat production and metabolism. When the 
confounding size effect was controlled by the "internal tracking method"，the variation 
of growth could not be explained by the variation of energy intake. This is further 
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supported by the results of the logistic regression analysis of the children with "sub-
optimal" growth. This sheds light on the issue that the variation of growth (so-called 
"faltering of growth") could be explained by other factors but not by energy intake, 
although the children at that age range were below the FAO/WHO/UNU 1985 energy 
intake recommendations. Other nutrients also showed very little influence on the 
variation of growth, and such finding is understandable in a well-off society like Hong 
Kong. In fact, very little environmental effects namely, nutrition, infant feeding 
practice and socio-demographic effect were found to be correlated with the growth of 
the Shatin children. One possibility is that the general socio-economic status of the 
people in Hong Kong may have exceeded some thresholds below which energy intake, 
nutrition and other environmentai factors are likely to be limiting. For instance, about 
90% of the children in Hong Kong attend the MCH well-baby clinics, which provide 
uniform feeding advice to the parents，and this may help to explain the non significant 
effect of infant feeding practice on growth. It is therefore, quite clear that the 
hypothesis of energy deficiency or malnutrition to explain the so-called "faltering" 
phenomenon is not supported by the results of this study. 
On the other hand, it is clearly shown that birth weight was the strongest predictor of 
growth at an early age, and the strength decreased with age. Birth weight was also 
negatively correlated with the "internal tracking" of growth in infancy and early 
childhood suggesting that the low birth weight children might experience some 'catch-
up' growth. Children with lower gestational age were also found experiencing catch-
up growth. Parental characteristics influenced growth of the Shatin children "directly" 
or "indirectly" through the birth weight (maternal weight). The type and frequency of 
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I 
sickness did not affect growth, but the duration of the sickness for more than one day 
I 
was more important. It is interesting to note that while genetic effect on growth was 
still significant up to two years of age, it was weakened gradually. At age 2, the effect 
from birth weight declined, but effects from other environmental factors such as family 




5.4 IMPLICATIONS OF THE STUDY DESIGN AND METHODOLOGY 
I 
This study demonstrates the importance of using longitudinal study to understand 
children's growth pattern. As the growth outcomes of a child at a time point are 
I 
I influenced by the cumulative effects of the past, the longitudinal approach allows for 
i • 
the evaluation of growth trajectory and provides a unique way of establishing an 
internal control to study the effect of energy intake on growth. 
I ‘ 
It also demonstrates clearly that a global approach should be taken as the variation of 
growth was not explained by energy intake. In fact, malnutrition (especially energy 
！ 
deficiency) should not be taken as an automatic explanation for growth variation, 
especially in affluent societies where the children are well-fed. This study highlights 
the importance of other variables in explaining growth such as birth weight and parental 
characteristics, which are easily neglected by some investigators. These variables should 
be included in future research in order to understand the relationship between nutrition 
and growth. 
Ethnic difference and socio-economic environment of the studied populations have to 






study, seemed to be quite different from those identified by the earlier studies. 
I 
Therefore, the hypothesis that malnutrition or energy deficiency is a limiting factor for 
growth has to be evaluated critically within the context of a particular country. There 
is evidence to suggest that ethnic difference is another important factor affecting the 
I growth pattern of children. For example, there are noticeable differences in growth 
I 
between the southern and northern Chinese. Therefore, the homogeneity and the 
i 
I 
characteristics of the ethnic origins have to be considered in the future studies. The 
population in this study was composed of a homogeneous group of children whose 
parents originated from southern China. 
！ • 
Besides, this study suggests that observational studies (i.e. the ones which compare the 
trends Of mean energy intake to the trends of the growth parameters) can yield very 
different conclusions to the correlational studies with individuals as the units of I 
analysis' While the existing studies tended to be of the observational type, future study 
on similar topics should move towards the correlational approach. 
Technically, it has been shown that energy intake had been underestimated. Validation 
of the dietary methods by using the doubly-labelled water method and bomb calorimetry 
is essential to estimate the magnitude of the underestimation bias. This estimated bias 
should be adjusted in future studies. 
To get a conclusive answer to the question whether the observed association between 
energy intake and the variation of growth in infancy is due to the energy metabolism, 
another longitudinal study is required. Energy intake, energy expenditure, growth and 
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activity level of a larger cohort should be measured simultaneously. Measurement of 
sleeping metabolic rate is also important to partition the energy used for activities, 
maintenance and growth in order to test the hypothesis that the association between 
I 
energy intake and growth at early age is mainly due to the relationship between body 
size and energy requirement for maintenance. 
A parallel study comparing the U.S. Chinese and Hong Kong Chinese children may 
i 
further illustrate the interaction between genetic and environmental effects to affect 
I 
growth. The cross-generation effects should be studied carefully to examine any secular 







5.5 IMPLICATION AND APPLICATION OF THE GROWTH AND ENERGY 
INTAKE STANDARDS 
1 
NCHS Reference Standard 
i 
I 
NCHS, which was recommended by the WHO, has been used widely to monitor 
I 
growth. Unfortunately, one of the inherent problems of NCHS is that it included a 
selected population from the Fel study in the 1930，s, at that time children were mainly 
bottle-fed by high energy milk formulae. 
This study draws attention to the need for caution in applying the reference to particular 
populations. As seen, the studied children were healthy and shared a similar pattern of 
growth with other populations in the developed countries. The so-called "faltering" (in 
一 i 
weight) was observed in these populations as well as our studied population, when 




growth" is a result of nutrition inadequacy or poor health status in the present study. 
This may imply that the heathy children in certain affluent societies like Hong Kong 
are exhibiting a similar pattern of growth, which is quite different from the NCHS 
populations. Therefore, the application of the NCHS reference must be made with 
extreme caution; instead, internal (local) reference should be established and used to 
monitor children's growth. Nevertheless, the NCHS reference is still useful for 




FAO/WHO/UNU 1985 Energy Recommendation 
I •‘ 
i 
This study shows no association between energy intake and growth, although energy 
intake w^ below the FAO/WHO/UNU (1985) energy recommendation. This has some 
I 
implications on the interpretation of the WHO energy recommendation. The reference 
was established by observational studies which measures energy intake of some healthy 
Caucasian children in developed countries. Such an approach assumed implicitly that 
energy intake was associated with the growth of a normal child, and implied that low 
energy intake would be limiting to growth or to the growth potentials. This may be 
true for some populations, especially for the developing countries where sub-optimal 
nutrition I status is common. However, the findings of this study do not support the 
above assumption. There may be some populations, such as the one studied, in which 
children had energy intake below the recommended level, but are growing normally and 
healthily. Besides, the present recommendation might be too high even for children of 
the affluent societies as an adjustment factor of 5 to 10% was added arbitrarily to the 
observed intake. Therefore, the FAO/WHO/UNU 1985 energy recommendation should 
be re-evaluated. A new set of energy recommendation should be derived from the 
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Appendix I Doubly-labelled Water (DLW) Method 
Introduction 
This method provides a non invasive means of measuring energy expenditure. It was first 
suggested and used in small animals by Lifson and co-workers. The method is based on the 
concept of an isotopic equilibrium which exists between the oxygen in respiratory carbon 
dioxide and the body water (Lifson et al 1949，1955). Oxygen is eliminated as both carbon 
dioxide and water by the body, and hydrogen is eliminated only as water. The difference 
in turnover rates provides a measure of the rate of carbon dioxide production. Thus, energy 
expenditure can be calculated with additional knowledge of the respiratory quotient. 
Respiratory quotient (RQ), is measured or derived from previous studies (Lusk 1924). Black 
and colleagues (1986) proposed a method of using food quotient (FQ) to estimate the RQ for 
the calculation of DLW. It was shown that measured or predicted food quotients (FQ) can 
be used in place of RQ's in normal subjects since energy balance is usually maintained over 
a period of measurement (7 - 20 days). Observed FQ for infants in the UK is 0.835 for 
breast-fed infants increasing to 0.87 as weaning progresses. A 4-day food intake assessment 
can be used to predict a subject's FQ (Black et al 1986). The authors concluded that the 
error incurred due to the substitution of adjusted FQ for RQ in the DLW method will usually 
be negligible and should never exceed 土 2%. 
The Principle and Model 
The principle of the DLW method is illustrated in Fig. 1. When water labelled with 
deuterium and oxygen 18 is administered, it mixes uniformly with all body water pools. 
Deuterium labels the body's water pool while oxygen 18 labels both the water and 
bicarbonate pools. The oxygen in respiratory carbon dioxide and body water are in isotopic 
. _. • • 
exchange equilibrium through the carbonic anhydrase reaction (Lifson et al 1949). The 
product of the deuterium rate constant (K。）and the deuterium distribution space (No) is the 
same as the water output rate rHzO, whereas the product of the oxygen 18 rate constant (Kq) 
and the oxygen 18 distribution space (N。）represents water plus carbon dioxide turnover rate 
(rHjO + rCOj). Carbon dioxide production (rCOj) can be obtained by the difference 
between NqKo and NdKd (Fig. 2). Energy expenditure is then calculated from the carbon 
dioxide production using classical calorimetry equations (Weir 1949) with an estimation of 
the mean respiratory quotient (RQ). • . - - - • • • • - - • 
The original assumptions made by Lifson and McClintbck (1966) in the DLW method are:-
1. body water is a single compartment which the isotopes label and from which the 
isotopes are lost; 
2. ^H is lost only as water; 
3. "O is lost both as water and carbon dioxide - transference of oxygen between water 
and carbon dioxide being the consequence of a rapid exchange promoted by carbonic 
anhydrase; 
4. fractional output rates of water and CO: output are constant; 
5. water and CO2 loss occurs at the same enrichment as that coexisting in body-water; 
and � 
6. background isotope intake rates are constant. 
However the above assumptions have been shown to be not entirely correct (Coward 1988). 
Based on the above assumption 
产 - 2 
where: 
rC02 = carbon dioxide production 
N = pool size in moles 
Kq = water and carbon dioxide disappearance rate 
Kd = water disappearance rate 
However many observations show that the pool sizes (N) estimated by ^H and are 
different, Nd being about 1.03 x N。，with N�being closer to true body water than N^. 
Thus an equation for CO2 production (equation 1) could be written as: 
Deuterium 
Nd (Ko-K》 Tcoi 2 
or Oxygen 18 
N o (Ko-K》 
� 2 
If there is a difference of 1.03 between Nq and Nd, 
_ N q 
2 
Equation 2 and 3 produce results that are different by 3%. Validation studies show that 
equations which consider differences between Nq and N�appear to give better results than 
those that do not (Schoeller et al 1986). The theoretical treatment of the system reported by 
Roberts et al (1987) suggested that this is the correct approach. 
The measured pool size of ^ H and differs because of the exchange of isotopes with non-
4 
water atoms. As a result, ^HjO can over-estimate body water by at least 4% and Hj^ ^O by 
1% (Culebras et al 1977, Schoeller et al 1980). The theoretical explanation for this 
phenomenon is the exchange with non-water hydrogen atoms in fat, and body solids, mainly 
protein, carbohydrate which can be considered as a secondary pool for dilution. Since this 
exchange with the ^H and ^^ O pool sizes after isotope administration is extremely rapid, 
combining the two pools as one is an acceptable approach (Coward and Cole 1989，Coward 
1990). 
Calculation of pool size 
In dilution techniques, it is assumed that the doses given must be equal to the dose found. 
The general equation for calculating body water is that which has been agreed internationally 
for human studies (Coward 1990) and is similar to that described by Halliday and Miller 
(1977): 
where: 
N = pool size (moles) 
W = amount of water used to dilute a sample of the dose (g) 
A = amount of dose administered (g) 
a = dose diluted for analysis (g) 
5 = isotope enrichment relative to a standard (per ml %�) 
f = fractionation factor for biological material 6 = (-^-1) 10^  
R太 =ratio of unknown 
R^ = ratio of standard 
Standard = Cambridge tap water (CTW) in which case 5t = 0 
Subscripts a = dose 
t = tap water 
s = post-dose sample 
p = predose baseline 
18.02 = molecular weight of the water 
The full derivation of this equation has been described in detail by Coward (1990). 
Currently two different techniques 虹e used for the determination of the pool size. The first 
technique measures the isotope dilution at a plateau shortly after administration of dose _ the 
two-point method (Schoeller et al 1986). The plateau method will be correct only if the 
"plateau" can be precisely identified and all isotope losses occurring during the equilibration 
period are accounted for and subtracted from the dose administered. Unfortunately, only a 
fraction of all losses can be accounted for in urine and thus this procedure cannot produce 
an absolutely correct value (Coward 1990). As a result, the plateau method may slightly 
over-estimate volume. However, with collection of urine and estimation of other losses, this 
error can be reduced to 1% or less (Coward 1990). 
Alternatively the slope-intercept multi-point procedure calculates the distribution space at time 
zero (Coward & Prentice 1985, Roberts et al 1986, Coward 1988). The slope-intercept 
multi-point procedure will be correct if the output rate is constant and mixing is 
instantaneous. Unfortunately, the output rate is never absolutely constant, but varies both 
within and between days, and the slope-intercept procedure which ignores the initial mixing 
period, will over-estimate initial isotope concentration and underestimate volume (Coward 
1990). However, Coward (1990) concluded that if the variations are random, the error can 
usually be reduced to 1% or less. 
Calculation of flux rate 
The two-point method (Schoeller et al 1986) which measures total flux rates (Ni>Kd, NqKq) 
between two points of several days apart is more tolerant of the deviations from the original 
model than the multi-point which provides a mean daily flux over the same time interval 
(Coward & Prentice 1985, Roberts et al 1986, Coward 1988). The advantages of multi-point 
method are that it reduces the error in calculation of the measured flux, giving an indication 
of the extent of day to day physiological variation, and the random analytical errors becomes 
considerably less important. Volume which is calculated from the zero time intercept of log 
enrichment on time, reduces the error on the output rate calculation because allowance can 
be made for covariance between ^H and ^^ O in the determination of the standard error of the 
estimate. It must be assumed that the output rate varies randomly otherwise this method is 
unable to produce the correct value in situations where the flux rate varies systematically. 
Fractionation 
"Isotope fractionation is the physiological phenomenon which causes changes in the relative 
abundance of isotope due to their difference in mass" (Schoeller and Coward 1990). 
The H^/^ H ratio is lower in water vapour than in liquid water. The magnitude of this 
fractionation is expressed as fractionation factor (f) i.e. the ratio of heavy to light isotope in 
the product divided by the ratio of the heavy to light isotope in reactant. 
,=heavy I light {product) 
heavy I light {reactant) 
Where f is less than 1，the product is light and depleted, and where f is greater than 1, the 
product is heavy or enriched. 
There is very little isotope fractionation in deuterium and ^^ O for urine or sweat which are 
excreted as liquids. However,屯 and ^^ O in water vapour (e.g. breath) are isotopically 
fractionated compared to body water and in carbon dioxide is also fractionated in respect 
to body water. In total, three isotope fractionations have been identified fj, f�and f^  where: 
CH^HOj^Hfi) vapor 
力 一 CH^HOI^Hp) liquid 
- - - - • • • ‘ “ ‘ 
一 (H^^OIH^^O) vapor 
2 {hI^OIHI^O) liquid 
(CI80I60/CI602) 
3 {HI^oihI'O) 
Three equations have been suggested in the literature (Lifson & McClintock 1966, Coward 
1990). It was assumed that a constant proportion of true water output (x) could be regarded 
as being fractionated. 
Where: 
KdNd = xfi rHjO + (1 - x) ！“邸 
=rHjO (xfi + 1 - x) � 
and 
KoNO = 2f3 rC02 + xfj rHzO + (1 - x ^ O 
=2f3 rC02 + rHjO 姊 + 1 - x) (2) 
from Equation 1 
； 一 队 
咖(j^i+1-x) 
and substitution in Equation 2 equals 
and 
尸 一 � � ( 才 2 小 太 ) 
tcoi 一 一 Vsi^i^l-x) 
The values suggested by Lifson & McClintock (1966) was 0.93，0.99 and 1.04 for fj, f! and 
fj respectively. The rate of fractionated water loss was proposed to be 50% of water output 
but for human studies this volume is too high. Klein et al (1984) estimated the fractionated 
water loss to be 25% of water turnover. Roberts et al (1986) estimated the fractionated 
water loss to be 16% in premature infants which would have introduced a 15% error in the 
！ 
calculation of carbon dioxide production rate if 50% had been assumed. The assumption of 
constant fraction of water loss may lead to a systematic error of 士 5% in carbon dioxide 




2h labels water pool labels water and 
仆 bicarbonate pool 
C0I80 + H^ H^  I80 - HgC^ O^g 
NQKJ^  = rHgO NqKQ = rC02 + rHzO 
‘NqKQ - = rC02 
where : 
N = pool size in moles 
rHjO = water turnover rate 
rC02 = carbon dioxide turnover rate 
Kq = water and carbon dioxide disappearance rate 




800 - \ i \ « X 




\ ~ ‘ ~ ^ ― ' ~ 4 “ R ‘ 8 丁 一 — ） 
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Appendix n Reliability test of within observer's error of weight and length in 
Shatin study 
Case number Weight 1 Weight 2 Length 1 Length 2 
(kg) (gm) 
1 7.94 7.94 67.50 67.55 
2 8.735 8.72 73.40 73.55 
3 11.10 11.10 87.25 87.20 
4 11.38 11.38 85.00 85.05 
5 12.58 12.58 86.40 86.30 
6 8.62 8.62 69.20 69.10 
7 4.55 4.55 55.80 55.80 
8 * 65.50 65.70 
r2 = 1.000 = 0.997 
* This child had a continuous drip on therefore weight could not be 
obtained. 
. - - - - - • 
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1. Is the baby breastfed? Yes No 
If yes, does he/she also receive milk or formula? Yes No 
If yes, what kind? 
how much? 
how often? 
If no, why? 
2. Does the baby receive formula? Yes No 
If yes, what kind? 
how much? 
how often? 
3. How is formula prepared (especially dilution)？ 
4. Does the baby drink milk? Yes No 
• - - - • - • 
If yes, what kind? 
how much? 
how often? 
5. Does the baby usually take a bottle to bed? Yes No 
If yes, what is usually in the bottle? 
6. Does the baby take vitamin &/or mineral drops? Yes No 




7. What type of food does the baby usually take? 
A. Formula or milk 
B. Cereal or pasta . 
C. Congee, soft rice or rice — 




F. Adult ‘ 8 meal & soup 
G. Dim Sum or Western Breakfast 
H. Others (e.g. Barley water) 
3 -
8. 24 hr. recall (please list all food or drinks baby takes on a typical day) 
Date: 
Meal 1 Time Place • 
Meal 2 Time Place 
Meal 3 Time Place 
Meal 4 Time Place 
Meal 5 Time Place 
» 
Meal 6 Time Place 
Meal 7 Time Place 
Meal 8 Time Place 
* For baby over 1 yr old, a 48-hr recall including a Sunday eating pattern 
maybe helpful. 
.i -
Appendix IV Poster of formulae 
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Appendix VI Reliability test of within observer's error of weight and length in 
DLW study 
Case number Weight 1 Weight 2 Length 1 Length 2 
(kg) (grtO 
1 10.06 10.06 73.2 73.3 
2 9.10 9.11 79.5 79.8 
3 10.87 10.87 85.6 85.6 
4 8.50 8.50 69.6 69.5 
5 6.78 6.78 72.5 72.3 
6 6.95 6.95 67.7 67.8 
7 5.24 5.24 64.7 64.5 
8 10.40 10.40 80.0 80.0 
9 7.82 7.82 75.0 74.9 
10 10.25 10.25 73.4 73.3 
R2 = 1.000 r2 : 0.999 
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Energy Expenditure Study 
Doubly-Labelled Water Method 
Initial Dosing 
» 
Reference No. s Sex % 
Date : Month : 
Decimal age : ... . . D.O.B. : 
Time of breakfast … 
Time of last drink 
Anthropometric measurement 









2h20 Weight before 
Weight after 
Difference -
H2I80 Weight before 
Weight after ‘ — 
Difference 
Tracer amount _ 一 
Urine equilibration period (4 hrs) Time 
Post dose urine Time .. 
CUHK Paed. 
Energy Expenditure Study 
Name (Chinese) : _ _ 
(English) ： 
Sex : 
Reference No. ： 
Address : _ 
Tel. No. : 
D.O.B. : 
Age : 
Birth weight ： 
Gestation ： 一 — -
Place of delivery ： 
Complication during pregnancy ： 
at birth : … 
Past history % 
Present health ： . 
Others ： 
I • 
Energy Expenditure Study 
Reference No. : 
Date : … 
Decimal age : . _._一 .. 
Urine Sample 


























4 Reference 2 
5 ul3 
6 ul2 




11 Reference 4 





17 Reference 7 
18 u5 














33 Reference 7 
34 u6 
35 u7 
36 400 (unknown) 
37 w 
38 w 
39 Reference 4 
40 ulO 





46 Reference 2 
u = urine sample on day (no.) 
w = wash 
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